


Civil Aeronautics Manual 8

Aircraft Airworthiness

Restricted Category

January 1, 1951




CIVil, AERECNAUTICS
ADMINISTRATIOR

Clazs Tl 3%, 6/




U. S. DEPARTMENT OF COMMERCE

Charles Sawyer, Secretary

CIVIL AERONAUTICS ADMINISTRATION
D. W. Nyrop, Administrator

Aiircraft Airworthiness

Restricted Category

Jenuary 1, 1951

Civil Aeronautics Manual 8

For sale by the Superintendent of Documents, U, S, Govemment Printing Office, Washington 25, 0. C,
Price 60 cents including supplementary service




I-$ER eesstsssevensers JOIBROYILIIO SEOUTUIIOMNIIE
sidyymmu 103 suopeiyur Supeido
*m.w .Cﬂl.l...l..l..l......l.....'li.l.GOMP
-BOQI3190  SsAUIUIoMITE  Sidiniu
Ioy suonelpwyl Sunesado ojvredag
ﬂlmm.m (FENERENNENNNSFENNFENENEFYR N ] mﬁo_ﬁ.wh@nmo mmOanB.Q
1e10ads Surinp pairqiyoeld siaSuasssed
mmw [ FF TR NN NN ENEN RN NNE] mqoﬁﬂﬁhﬂﬂmo QWOQSQ
{eoads Sunanp panqiyoad Siaduassed
I-28g ***essrs s suole)IWwl Suryetado d1wouooy
28'g eeseernceseeo guopieIIll Surjeiado JIWOUO0SH
1-188 SUQT)BIWI] uorIvIado vaie JO Idalem
IE R *ovsessesererosrogolleiun] Surjpiado BaIy
.nlom.w srsessssesessset e s suorjelTwiy wguwmhao
0£'Q *eeeecoserssees 3riosaxd 03 AIOUYINE §,I10%
~ensiuiupy  suonpwtuyy  2unerado
T~IZ g *eeesssoes UOIBDIYUIIIFD SSUTYIIOMIIe 31dpInmy
12’8 eeeessneee UONMBIUILIAD SSOUIYIIOMIIE BTN
£-02°Q seeessse “eseceqe o oo syUOIIBIA)[E pue sireday
N.LONW Il...........................l..t.l @ﬁ..&o
-ygnae0 adiq L1e89180 PIONIISad B
Iapun pPaingorinugwl yeralle J0J
$27e0YI1I80 SSaUIYIIOMITE JO BOUBNSST
I-QERseresrreecccassererenify paaordde A1snola
-a1d B WOJI] PayIpour 1JeIdlle JOf
50180UT1I90 SSAUTYIIOMIIE JO 3OUBNSST
[y Y] a..-.-......-..-.-...--olt--....-UP.NO
~UTLI8D SSaUTUIIoOMIIE 103 ANIqring
G—QI'8 *****eseves SUONBIYIPOW 1JRIOITE BUISIIIBADY
F—QI'8 *evseessses SUOMBOYIPOW JIRIDITE [RININDIIEY
£—0T'Q ssseescosssevssssssesness 3fq pasordde
Arsnojasad ® wolf PSyYIpOW 1JBINIATY
T-0T'8 *cereveverreceecsrsvr qrproae adil ATeIN
I-DI'g **eerersnsns [ XS N RS RS NN Uwudvﬂ.—un—wv
adfa Lisnotaard jou add) B J0 1jR101IV
QIR *essvensnnsns [y} 3780Y11.192 adAa 10] %p:ﬂnﬁmzm
I-1'8 S0 ses et easrbosandinenisbie .HOH.NHPW—.AHH.E#U&‘
ayl J0 aanwjuasexdar peazlioulny
'8 tesas sttt hovtaatEtesrtonsr RS suoTuysqa
£-0'8 CBE IR IRIRIIRIISIIISTRRIPRRNAREREIRNS \hkOmupNO
p31oL1Isal ueyl 19yjo £1089180 B Ul
pajeoyldeo gyeidodre 01 Ayqqesnddy
Nlo.w FE R ENNNEE NN NN NNEI NN NN IR N NN RN N NI %hom
~3183 PIIOTIISAL AU UL PIjelylriiad
A1snojaard qreidare o1 Annqeorddy
T-0'8 *°**ressesesessses gosodind feroads 21qi3IA
g eseessvsecscsseres 1rud spn Jo Aypaqeonddy

SINALNOD 40 H'1dVL




APPENDIX A

Table of Contents
STRUCTURAL CHANGES:

General. ..o iiii ettt et it it it e 1.0
Effects of Alterations on Aircraft........ ... .. i, 1.1
Structural.......... et ee e reaatetaeab et e as .. 1,10
AT OdYNAMIC. « oot vttt it ittt i e ey 1.11
Conversion of a Personal Type Airplane to One for Agricultural Use 1.2
Ideal Characteristics of an Agricultural Airplane.............. 1.20
Selection of an Airplane for Modification Purposes............. 1.21
Suggested Procedure for Conversion of a Personal Type to an
Agricultural Type Airplane.......... .. . it 1.22
General Rules for Proper Alteration of the Aircraft Structure..... 1.3
Reinforcement of Open Bays in Primary Structure................ 1.30
Cutting Holes in Stressed Skin Structures...................... 1.31
Changes to or Removal of Stringers or Rings.................... 1.32
Installation of Power Units for Pumps and Agitators............ 1.33
Wind-Driven Units....ouinrerannniiiniranensriarasanannnes 1.330
Wind-Driven Unit Controls.......o.civiiiiiivnnns beeneene 1.331
Wind-Driven Generator Power Source.......... ... 0ol 1.332
Power Units Locations.. ... ...t iiiininnnrinnnnnnonnsnns 1.333
Adaptation of Automobile Engine Fans................ ... ... .. 1.334
Attachment of Hopper or Tank to Primary Structure................. 1.4
Boom Imstallations........iieieeiiiinnrnernoenerreenaernasssasnns 1.5
Corrosion Protection................... Bt ea e 1.6

DISPENSTING EQUIPMENT DESIGN CRITERTA:

General...... ...ttt ittt i i e e e 2.0
Sources of Information on Equipment Design........................ 2.1
Department of Agriculture......... ...t iiiinennnreenes 2.10
Periodicals-—Mannfacturers of Insecticides-—State
UniverSitiles., .ot n v vnn et ieseananar e tsacnsanneannans e 2.11
Civil Aeronautics Administrations Approved Dusting and
Spraying Equipment Installations................ ... .o iiiun, 2.12
Dispensing Equipment. ... . ...ttt innrnennneaananconss S 2.2
Dusting Equipment Design.......c.oniiiiiniii it rronnens 2.3
Hoppers. .o vveinannnnnsnansnas e e ere e 2,30
Materials......ooiiuiii i i iiinearnarnaennn eeea. 2,300
Reinforcing of Hoppers. ... oot in it iivanan 2.301

Hopper Seams...... ... .ottt 2.302



Table of Contents Civil Aeronautics Manual 8

Appendix A

DISPENSING EQUIPMENT DESIGN CRITERTA—Continued
Dusting Equipment Design—Continued

Hoppers—Continued
Hopper Doors (Loading Door). ... .o, 2.303
How to Determine the C.G., Volume and Weight of a Hopper... 2.304
Square or Rectangular Design........ ... i, 2.3040
Odd Shaped Designs.........c..viiiiiivainninn PUPIPR 2.3041
Any Shape Design (Simple Method).............. ... .. ... 2.3042
¥ T -1 o e 2.31
RS L 2T o 2.32
T 1 O 2.320
Construction. . . v it ittt ananiara e PP 2:321
Installation.......... e, e r e eae e 2.322
Spray Equipment Design......c..iiiiiiiiriiiiirrrnrrirnracaanarnnas 2.4
Tank Instellavions..................... et et eteas et 2.40
Tank Construetion. cuve e i nnaineianarsrrnseeeannnsnnsanns 2.41
Materials. .. ...iiiiiiniii it ittt it 2.410
DrainaEe. . oo it i ittt ittt e ettt 2,411
Provisions for Cleaning and Making Repairs................. 2.412
Baffling. . ..o i i e i et 2.413
Seams and Sealing. ... ... ciitiiiitiii ittt ettt 2.414
VN AME. st e st tinnnsacronnesnrannosnsiriensensecnsnnennns 2.415
T R T - 2 PO 2,416
Spray BoomS. couui ittt et et et e et 2,42
Valves, Nozzles, Quick Shut-off Provisions........ e 2,43
PUumpDS. . it i e e it et ra s e 2.44
Cockpit Drainage and Ventilation............coiiiiinnnnnnnnnn. 2.45
POWERPLANT CHANGES: .
Effects of Engine Changes on Aircraft Structure.................. 3.0
PILOT SAFETY ITEMS:
0T 1 o N 4.0
VESTDALAEY . o v em e e et e e e e e e e e e e e e 4.1
Location of Instruments. ... .. .o it iinrieninnnnneannnns 4.2
Safety Belts and Harnesses...... ... ittt 4.3
Toxic Materials, Venting of Cockpits, Bte..... ... i il 4.4
Protection Against Toxic Insecticides and Plant Killers.......... 4.5
Crash Protection. .. .. ...ttt iaatitierrnenerantonasnnnnn 4.6
Cockpit Design... . ..ciiiniiiiri i it ittiiansanananss 4.60
Over-all Design......oietiiiiiiniineinnnroerernneennrnnncnanas 4.61
ELECTRICAL SYSTEMS:
o 1= 5.0
Electrical System Considerations............cevinieninnnennenannss 5.1
0 T3 - GO 5.10
Addition of New Circuits and Equipment........................ 5.11
Power System Capacity. ... .ottt ittt it einnannns 5.110
Control Through the.Master Switch.......................... 5.111
Protection for New Circults. ... ...iiuiiniiniiinininnnnnans 5.112

Switches. . ... ..iiiiiiiiennn. N 5.113



Civil Aeronautics Manual 8 Table of Contents
Appendix A

ELECTRICAL SYSTEMS-— Continued
Electrical System Considerations—Continued

Master SwitCh......civvvrireereeatocnannsss e mer e 5.12
Preventive Maintenance, ., .. tees e ntnancasesnscsoanasranassans 5.13
Electrical Power Source Considerations............ JP P T4
L 103 7= 1 AP OO e 5.20
Storage Batteries.......... e ee it raeeeee e e 5.21
GENeratorS. .. overurirernnnanneeenns e tee e e ae e 5.22
Wind-Driven Generators.............. it 5,220
Engine-Driven Generators...........ovviemucinareuanaoansonns 5.221
Generator Control Equipment.......v.ooieiniiiiirniinnienens 5.222
Electrical Equipment C0n51derat10ns ............................... 3.3
S T =F o - S e 5.30
Environmental Conditions for Aircraft Electrical Equipment...... 5.31
Electrical Cable. . v.u i iiiinnniinisneraeaseaacasssnnsnnannnas 5.32
Criteria for Selection of Cable......c.viivriiiiiiiiiiiiinns 5.320
Electrical Termlnals ........................................... 5.33
Lights................ et ee e e edeesaeaaaes 5.34
Position Lights.......oiiiiiii i e v. 5,340
Landing Lights. ...ttt ittt iiaanaass -5.341
Instrument Lights....... ... . oo, e 5.342
Switches, Rheostats and Other Controls............ ..o vvevann. 5.35
Electrical Installation Considerations.........c.ceieiiieinnnannss 5.4
070 1% - e 5.40
Cable RUuns. . ...ttt it ittt ettt eetsatanraraeranas e 5.41
BORAINE. . ot ittt e it i et i e it e veeeny. .42
Terminal ConnecLionS. ........iveverenceeernosns et ve. 5,43
Drainage of Water.............cciiiiinun., e cove. 5,44
Combustible Fluids, Vapor and Dusts.........c.iieiieiiinnasenns 5.45

FIRE PREVENTION:

Sulphur Dust Fires...... ..ottt e 6.1
Miscellaneous...........c..iiieinnaennnn.n. et v.v. 6,10
Sparks From the Engine Exhaust ................... PR 6.11
Static Blectricity. v eue et aeineetsneanonnasananscerersannns 6.12
Pressure Between the Hopper Gates and Their Guide Channels..... 6.13
Poorly Designed or Improperly Fitting Agitator Shafts.......... 6.14
Sparks Caused by the Tail Skid While Taxiing................... 6.15
Inadequate Ventilation...........ouriiiiiniinnnnecrieaneanns ... 6,16
Fuselage and Tail Surface Covering......... ... cvoiiirniiiinnnns 6,17

Combustible Liquid Spraying........cviniiiiiiiniiinnnnnnnnnannas vew. 6.2
Lines Containing Inflammable Fluids................ o iviaa, 6.20
Compartments Containing Inflammable L1qu1ds .................... 6.21
Fluid Shut-Off Provisions..........c.ciieiiiinininnnannnnees ve.. 6,22

WEIGHT AND BALANCE:

Gemeral. . ... ...ttt ittt AN e 7.0

General Effects of Gross Welght Changes........c.convnn.. AP 7.1
Effects of Gross Weight Changes on Aircraft Structure.......... 7.10

Effects of Gross Weight Changes on Maneuvers................... 7.11



Table of Contents Civil Aeronautics Manual 8
Appendix A

WEIGHT AND BALANCE— Continued

Weight and Balance Computations....... . cciveiiinieniiienenanrannn 7.2
Effect of C.G. Position on Structural Stremgth.................. . 7.3
Effect of C.G. Position on Nose Wheel and Forward Fuselage
T X Y £ S 7.30
Effect of C.G. Position on Tail Wheel Strength................ 7.31
Effect of C.G. Position on Main Wheel Loads................... 7.32
POWERPLANT INSTALLATION:
1oL P S PR 8.0
A= 8 Y- A R 8.1
PropellerS. ittt i it s e 8.2
Propeller Vibration.......oooiiiiiiiuinn i iiiiiieiiniinnnns 8.20
Propeller Pitch and Speed Limitations...........oo.oavievnnnns 8.21
Propeller Replacements.........ciuiieuiiieninnninenniunnneans 8.22
Propeller Clearances........ciiiiiiiniiecatonesnanan. e 8.23
Fuel and 011 Systems......uniureiiinnriocnenrrarntarearnasanannes 8.3
Fuel System......couctieitnartreaseesorataoesnnssensaaasssanaes 8. 30
Fuel-System Hazards....... ..ot iiiiiieiiiennasnas 8.300
Fuel-System Arrangement. . .......oeeviuriuninsneetnonnroanens 8.301
Fuel-System Operation. .......oeernieierenianasseaaasanesnas 8.302
Auxiliary Tanks.. ... ..o it i it etianncnnnn 8. 3020
Auxiliary Pumps. .. .. it i st e e 8. 3021
Transfer Tanks. ... ..ottt in ittt tiinoneesnnratsnannsen 8.3022
Fuel-Flow Rate for Gravity-Feed Systems.................... 8.303
Fuel-Flow BRate for Pump Systems............ociiiiiiiiainens 8.304
Fuel Tanks. .....ociiiunninitii ittt sinnaanronranvanes '8.305
General. ...t i i e e et et 8.3050
Integral-Tank Construetion........coiviiiianrenncnannson 8. 3051
Tank Tests. .o cuiiii it ietn i tat o tasnananaeanans 8.3052
Fuel-Tank Installation.........civuiiniennnnitinnnnnnens 8.3053
Fuel Pumps and Pump Installations.............c.civenunn 8. 3054
Fuel-System Lines, Fittings, and Accessories............ 8.3055
O1]-SyStem. c ittt i it i i e 8.31
011-System Operation. ..ocv oottt iienannnsnarssassnseasssnsas 8. 310
Oil-System Arrangement.......coveuieennsennnrasenssanssanan 8.311
01l Tanks. ... iiiiiiiiii ittt ittt itsceanse it ssanasnns 8.312
Genmeral. ... .ot ittt ittt e 8.3120
Capacity and Expansion Space.........ciiivvienenncnnnnns 8.3121
L0, 70 17 8.3122
VS, ittt ie ittt iaiiieaanatssaesasnassasencnnnasnnnnnan 8.3123
Quantity Indicator... ... ... it crnnenanans 8.3124
011-Tank Installation. ..ottt inntnannnnns 8.3125
Oil Badiabtor.....iiriuinniieatnesoesnnanssonasstnnnsnanssas 8.313
Oil-Temperature Gauge. .. ..t iinnniriatiannasscnccnaansarans 8.314
011-System Lines, Fittings and Accessories................. 8.315
O1l-System Drains. .. .ottt i s 8.316
Engine Breather Lines......... ..ot ciicaenanes 8,317
0o T 8.4
Cooling TeStS. v uueen it eneniannnensesseansaesosnnenonnsannsos 8.40
Accessory Coolinmg. ..ot i i i e 8.41



Civil Aeronautics Manual 8 Table of Contents

Appendix A

POWERPLANT INSTALLATION-— Continued

Tnduction-System. ....v. it it iir e iienarreaaaaant s 8.5
Induction-System Arrangement..... e r e et 8.50
AL Cleaners. . i i ettt ieiniiesiiaatssrsarssssaanenesneananans 8.51
Induction-System Anti-JTcing Provisions......... ... .. ..ol 8.52

Teing Hazards. ..o vverioin it ittt iieisiiaaeanes 8.520
Impact Tece. .. ooiviiiiini ittt tsiiatenaararanas 8. 5200
Throttle Ice.. . it oeiieiiiiiinn i eonanannannnannens 8.5201
Refrigeration Jce........... e etaeren et . 8.5202

Tce Prevention. . ....ooutieiinatnneinnroniseninsennnsernsaneos 8.53

Preheat Requirements...........oiiiuiniiiiiininennannrnanenns 8.530

Carburetor Air Preheater Design....... ..., 8.531

Exhaust SysStem.....ceueeeeiveerenrnnncnarasuraenerneaneraasassnes 8.6

Exhaust Manifold............... ... I 8.60
Manifold Construction. «.vv et ieiininnianirsnersoinesnsns 8.600
Manifold Installation........ccvuiunuiiiniiiiinnrininanans 8.601
Manifold Clearance and Cooling Provisions.................. 8.602
Manifold Drains..... e seiaiie it 8.603

Heaters Used in Cabin-Air- Heatlng Systems ........................ 8.7
Exhaust-System Heat Exchangers............. ..o it 8.70
Fuel-Burning Combustion Heaters..............iivivurienannn, 8.71

Firewall and Cowling........... e 8.8
Firewalls. oottt i iie it e it o st iate e ceaa s 8.80
L0 T 7 8.81

Cowl Arrangement..........voveiuvensnrssnernnanansenasaanss 8.810

Cowl Construction. . ..o icriiniesesainosoreancasennannasanes 8.811

Powerplant Controls, Accessories and Instruments................. 8.9

Powerplant Controls......c.iuiuiiiiiiiiiinn i iianaannens 8.90
Installation of Powerplant Controls........................ R.900
Throttle Controls. . uii i e ias it tiseanenannanans 8.901
Mixture Controls. . ..v.ve e uenenraeernneeanrsnnensanenanns 8.902
Propeller Controls........ovviviuvnrnnnnnnns Ceteeaae e 8.903
Fuel-System Controls............. e et et a e 8.904
Preheat Controls...over ittt eriioiseansranasnns 8.905
Tgnition Switches. ... ..ottt 8.906

Powerplant AccessSories......ciuiuiiinriiiniranerinnrosronsannna 8.91
Accessory Suitability......ooiuiiii it i i 8.910
Electrical Equipment in Accessory Compartment.............. 8.911

Powerplant Instruments.........iciiiiiiieniioniaaionnoecnanns 8.92
Powerplant Instrument Installation...................c00een 8.920
Instrument Markings......ooviiiiniiiniinniinencnerannensns 8.921

FLIGHT TEST:

Performance.......iicuvt i inronineesnnesancaneans bereseaanes 8.0
General. . v.ivue st i e it it st 9.00
Climb Performance......covvvenroinniiinenninsoransonnasons .. 9,01

Effect of Drag on Climb. ... ..o vriii i, 9.010
Effect of Weight on Climb...... ...ty 9.011
Effect of Power on Climb. .. ... ... . i it 9.012

Determination of Climb Performance.......... ... ... . i 9.02

Flight Characteristics. v vuvuenernrerienteaneassosasosnsnnonensas 9.1
General........ .. i i, et et 9.10

Facts About the Stall. .. vt inr e riieansnsrassnrocsocnns 9,11



Table of Contents Civil Aeronautics Manual 8

"
B

el el el
~ U W NI — e

L] ] ] [} 1

] 1 1 1 ¢

D02 -1 ~ITNIBI MDD DI DD DN N O
L]
et St B = D00 =1 TN N O DD

el
'
3]

1]

Appendix A

LIST OF FIGURES

Open Bay in Primary Structure (see 1.30)

Reinforcing Open Bays (see 1.30}

Reinforcing an Open Bay of Small Dimensions (see 1.30)

Hopper or Tank Installation (see 1,4)

Spray Boom Installation (see 1.5)

Attachment of Spray Boom Supports to Wing Spars (see 1.5)

Typical Spray Boom Installation Supported by Front and Rear Spars
(see 1.5)

Reinforcing Sides of Hoppers (see 2.301)

Full Fell Interlocking Seam (see 2.302)

Angle Reinforced Corner (see 2.302)

Symmetrical Hopper C.G. Computation {see 2.3040)

Odd-Shaped Hopper C.G. Computation {see 2.3041)

Sketch of Venturi Cross Section (see 2.320)

Poor Venturi leading Edge Design (see 2.320)

Tank Baffle {see 2.413)

Sketch of Tank Pressure Test (see 2.41R)

Possible Weight Increases (see 7.10)

Variation of Bank Angle With Load Factor (see 7.11)

Flexible-hose Connections (see 8. 3055)

Approximate Maximum Available Rate of Climb at Varlous Weights for
Typical Agricultural Aircraft at Sea Level and Standard Temperature
{see 9.02)

F. Rate of Climb Correction for Altitude and Temperature (see 9.02)



INTRODUCTORY NOTE

The following policies and interpreta-
tions of the Administrator of Civil
Aeronautics pertain to Part 8 of the regu-
lations of the Civil Aeronautics Board,
which became effective October 11, 1950
(15 P. R. 5224, August 12, 1950). The
entire Part 8 is repeated here to assist
the public in understanding how the
Administrator’s policies and interpreta-
tions apply to the various sections of the
Board's regulations.

The Administrator’s policies and in-
terpretations explain and interpret the
Board's regulations, and set forth ac-
ceptable procedures and practices for
the guidance of the public in complying
with the regulations. Other practices
which provide equivalent safety to those
specified by the Administrator will also
be acceptable. Any provisions which are
shown to be inapplicable in a particular
case will be modified upon request.

The material is arranged to set forth
in small type each numbered section of
the Board’'s regulations followed by the
related policies and interpretations of
the Administrator. The Administrator’s
sections pertaining to a particular sec-
tion of the Board's regulations are iden-
tified by consecutive dash numbers
appended to the regulation section num-
ber, Thus §8.0 means §8.0 of the
Board’s regulations, and § 8.0-2 means
the second of the Administrator’'s sec-
tions under § 8.0.

Guidance information for use 1n modi-
fying aircraft for agricultural and
similar purposes is contained in CAM 8,
Appendix A. Copies of this appendix
may be obtained from the CAA.

The Administrator’s policies and inter-
pretations will be revised from time to
time as the need for new or revised in-
terpretations, procedures, or practices
are brought to the attention of the CAA.,

Because thge new Part 8 presents a
considerable departure from the previous
restricted category airworthiness re-
quirements, the explanatory statement
issued by the Civil Aeronautics Board
upon adoption of Part 8 is set forth below
to explain its background and objec-
tives. In this statement, the terms

“currently effective” and “existing re-
quirements” actually refer to the re-
quirements in effect prior to Part 8§,
since the statement was issued before
the effeciive date of the regulation.

Preamble to Part 8. Currently effective
airworthiness parts and Part 43 of the Civil
Air Regulations provide for the type and
airworthiness certification of aircraft built
or modified for special purposes, such as crop
dusting, seeding, spraying, and other spe-
cial purposes. In accordance with current
requirements the Administrator may waive
such of the basic airworthiness requirements
as are rendered inappropriate by the special
purposes involved, but he is required to pre-
scribe operating limitations to insure that
the operation will have "an equivalent level
of saflety' to that of an aircraft operating
under an airworthiness certificate for an air-
craft category other than restricted. The
procedure by which compliance is shown
with the restricted category is essentially -
the same as that required for certification in
other airworthiness categories.

We have been advised that the existing re-
quirements, which were designed primarily
to establish an appropriate level of safety
for passenger-carrying aircraft, have im-
posed an unnecessary economic burden and
are unduly restrictive for the manufacture
and operation of aircraft intended for use in
rural, sparsely settled areas outside the usual
lanes ¢! air transportation and in which no
passengers are to be carried for hire. For
such restricted operations where public
safety is not endangered it appears unrea-
scnable to require the same level of safety as
that required for passenger-carrying aircraft.
Therefore, a baslic change in Part 8 from
current practice has been the elimination of
the ‘“equivalent level of safety" provision
from the requirements for restricted cate-
gory aircraft.

In addition, the part establishes new
standards for the issuance of type certifi-
cates for the restricted category, for modi-
fications or existing type certificates, and for
issuance of airworthiness certificates for
aircraft intended to be operated for special
purposes and for operating limitations to
be applicable to such aircraft. It also sim-
plifies the procedure of showihg compliance
with the restricted category requirements
and provides for the tailoring of the operat-
ing limitations to the particular purpose for
which certification is sought. This part
authorizes the Administrator to waive or
modify any of the alrworthiness require-



ments of the Civi, Air Regulations, either for
initial or continued airworthiness, for the
standard (passenger-carrying) aircraft cate-
gories which he finds inappropriate for the
special purpose for which the aircraft is to
be wused, including individual design re-
quirements, requirements for dight testing,
and submittal of engineering data and
drawings. In the case of aircraft built for
type certification in the restricted category,
engineering data, reports, and fight tests
will be required but in a greatly simpli-
fied manner as compared to the require-
ments for the passenger-carrying categories.
However, it should be noted that nothing in
this part is intended to contravene the
statutory requirement that the Adminis-
trator find that the aircraif{ is “of proper
design, material specification, construction,
and performance for safe operation™ before
issuing a type certificate. (Sec. 603, 52 Stat.
1009, 49 U. 8. C. 553)

A civil aircraft which has previously been
type certificated and subsequently modified
for a special purpose may be issued z modi-
fied type certificate, and a military aireraft
which has been manufactured according to
the requirements of, and accepted for use
by, a military service of the United States
and subsequently modified for a special pur-
pose may be issued a type certificate, when
upon inspection the Administrator finds that
the modification has been made in accord-
ance with good aerconautical practice and
that no feature or characteristic of the air-
craft would render it unsafe when operated
in accordance with the presCribed limita-
tions. Engineering data, reports, or flight
tests would not be required by the provisions
of this part, except in cases where the inspec-
tion discloses a possible unsafe feature or
characteristic.

Provision is further made whereby an air-
craft may be issued an airworthiness certifi-
cate in the restricted category and in any

figuration for that category and

one or more of the airworthiness categories
prescribed by the Civil Air Regulations, if the
applicant shows compliance with the reguire-
ments for each category when in the con-
if the
aircraft can be converted from one category
to another by the addition or removal of
equipment by simple mechanical means.
Under such circumstances the Administrator
will specify appropriate operating limitations
for each category and will specify the ap-
proved changes necessary to convert and
reconvert the aircraft from one category to
another.

This part is intended to provide the great-
est possible flexibility of administration and
to place the minimum possible burden con-
sistent with public safety on the applicant
for a certificate in the restricted category.
While it is anticipated that it will be neces-
sary to supplement this part with adminis-
trative policies and manual material, it is
intended that such material be directly re-
lated to existing airworthiness standards and
not take the form of independent adminis-
trative rules to be applied in lieu of the
basic regulations.

It will be noted that the Board is currently
constdering a revision of Parts 1 and 2, and
it is contemplated that some of the material
contained in this part will he included in
that revision. )

Concurrently with the adoption of this
part all reference to requirements for certifi-
cation in the restricted category and to the
operating limitations for aircraft so certifi-
cated, presently contained in Parts 3, 6, and
43 of the Civil Air Regulations, are being
deleted from those parts.

Interested persons have ben afforded an
opportunity to participate in the making of
this new part, and due consideration has
been given to all relevant matter presented.

In consideration of the foregoing the Civil
Aeronautics Board hereby makes and pro-
mulgates a new Part 8 of the Civil Air Regu-
lations to read as ifollows; effective October
11. 1950:



AIRCRAFT AIRWORTHINESS

RESTRICTED CATEGORY

§ 8.0 Applicability of this part. This part
establishes standards for the issuance of
type and airworthiness certificates for air-
craft in the restricted category which are in-
tended to be operated for agricultural, in-
dustrial, or other special purposes. This
part also establishes operating limitations
applicable to such aircraft.

§ 8.0-1 Eligible special purposes (CAA
interpretations which apply to §8.0),
(a)} The operating limitations specified
in §§ 8.32 and 8.33 limit the special pur-
poses for which an aircraft may be cer-
tificated in the restricted category under
Part 8. Section 8.32 prohibits the car-
riage of persons or cargo for hire in
restricted category aircraft. Section
8.33 prohibits the carriage of persons
other than the crew during special pur-
pose operations. A flight operation in-
volving the carriage of persons or cargo
under the conditions prohibited by
§§ 8.32 or 8.33 will therefore not be con-
sidered an eligible special purpose for
certificating the aircraft under the pro-
visions of Part 8.

{b) The following are examples of
special purpose operations considered
to be within the applicability of Part 8:

Agricultural—spraying, dusting, and seed-
ing; livestock and predatory animal control,

Forest and wildlife conservation.

Aerfal surveying-—photography, mapping;
oil and mineral exploration,

Patrolling—pipelines, power lines, canals.

Weather control-—cloud seeding.

Aerial advertising — skywriting, banner

towing airborne signs and public address
systeins.

Appropriate combinations of such special
purposes will also be eligible.

NoTe: A Certificate of Waiver or Authori-
zation is required to conduct special pur-
pose operations over certain areas (see
§§ 8.31 and 8.31-1).

§ 8.0-2 Applicability to aircraft pre-
viously certificated in the restricted cate-
gory (CAA policies which apply to § 8.0).
(a) Aircraft which were certificated in
the restricted category prior to the effec-

tive date of Part 8 (October 11, 1950)
may at the option of the owher retain
their existing certification status.

(b) Aliternatively, aircrait previously
certificated in the restricted category
may be recertificated under Part 8 as
follows:

(1) If the aircraft is not modified
from iis previously approved configura-
tion, the applicant should apply for re-
certification in accordance with § 8.20-1
(a). The CAA representative, without
further inspection of the aircraft, will
issue a revised Operation Limitations
Form ACA-309 (See § 8.30-1) indicating
that the aircraft is certificated under
Part 8. For agricultural aircrait the
placard capacities of hoppers and tanks
may be established and revised by the
owner in accordance with § 8.10-4 (h).
Repairs and alterations to such aircraft
made after recertification under Part 8
will be handled in accordance with
§ 8.20-3.

(2) If the configuration of the air-
craft is modified (i. e. a major altera-
tion) from the previously approved con-
figuration, the recertification procedure
will be that specified in § 8.10-3.

(¢) On or after October 11, 1950, an
aircraft certificated for the first time
in the restricted category must be cer-
tificated under Part 8, since previous
restricted category requirements are re-
scinded on that date.

§ 8.0-3 Applicability to aircraft cer-
tificated in a category other than re-
stricted category (CAA policies which
apply to § 8.00. (a) Part 8 does not re-
quire an aireraft used for a special pur-
pose to be certificated in the resfricted
category. An aireraft modified for a
special purpose may therefore be certifi-
cated in a category other than the re-
stricted ecategory (e. g. normal, utility or
acrobatic category), provided the modi-
fied aireraft fully complies with the
airworthiness requirements for such
category.
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(b} An aircraft which has been previ-
ously modified and then certificated in a
category other than restricted (as de-
seribed in parasraph (a) of this section),
may either retain its existing certifica-
tion status or be recertificated in the
resiricted category under Part 8 in ac-
cordance with the procedure specified in
§8.0-2 (b). In the latter case, the CAA
representative will issue both a revised
Certificate of Airworthiness and revised
Operation Limitations.

(¢) An aireraft which has been previ-
ously type certiificated in another
category and then modified for a special
purpose may be certificated in the re-
stricted category in accordance with the
procedure specified in § 8.10-3.

(d) An aircraft which has been cer-
tificated in the restricted category under
Part 8 may bhe recertificated in another
category when:

(1) The aircraft is restored to a con-
ficuration which is eligible for certifica-
tion under an existing type certificate in
such category, or

(2) Any changes from such configura-
tion are shown to comply with the
airworthiness requirements for the ap-
propriate category.

{(e) An aircraft may, however, be cer-
tificated in the restricted and other
categories in accordance with the mul-
tiple airworthiness certification provi-
sions of § 8.21.

§ 8.1 Definitions. (a) As used in this
part, terms shall be defined as follows:

(1) Administrator. The Administrator is
the JAdministrator of Civil Aeronautics.

(2) Applicant. An applicant is a person
or persons applying for approval of an air-
craft or any part thereof.

(3) Approved. Approved, when used alone
or as modifying terms such as means, de-
vices, specifications, etec., shall mean ap-
proved by the Administrator.

{4) Authorized representaeiive cf the Ad-
ministrator. An authorized representative
of the Administrator shall mean any em-
ployee of the Civil Aeronautics Administra-
tion or any private person, authorized by the
Administrator to perform any of the duties
imposed upon him by the provisions of this
part.

§ 8.1-1 Authorized represeniative of
the Administrator (CAA interpretations
which apply to § 8.1 (@) (4)). The term
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*“private person” mentioned in this sec-
tion is interpreted to mean a Designated
Aircraft Maintenance Inspector (DAMI),
or a Designated Manufacturing Inspec-
tion Representative (DMIR). All such
persons are issued a Certificate of Au-
thority, Porm ACA-1382, for the purpose
of identification.

§ 8.10 Eligibility for type certificate. (a)
Any aireraft of the following classifications
shall be issued a type certificate in the re-
stricted category, if the Administrator finds
that no feature or characteristic of the air-
crait renders it unsafe when operated in
accordance with the limitations prescribed
for its intended use:

(1) An aircraft type which has not pre-
viously been type certificated but which is
shown by the applicant to comply with all
of the airworthiness requirements of any
other aireraft category prescribed in this sub-
chapter, except those requirements which the
Administrator finds inappropriate for the

special purpose for which the aircraft is to
be used; or

(2) An aircraft type which has been manu-
factured in accordance with the requirements
of, and accepted for use by, a United States
military service and subsequently modified
for a special purpose, whether or not such
aircrait has been lissued a type certificate
under the provisions of Part 9 of this chapter.

(b) A modification of a type certificate may
be issued to an applicant for an aircraft
which has been previously type certificated
in another category and then modified for
a special purpose when, upon inspection, the
Administrator finds that the modifications
conform to a good aeronautical practice and
that no feature or characteristic of the air-
craft renders it unsafe when operated in
accordance with the limitations prescribed
for its intended use.

§ 8.10-1 Aircerajt of a type not previ-
ously type certificated (CAA policies
which apply to § 8.10 (a) (1)). The fol-
lowing procedure applies to an aircraft
for which the basic design has not been
previously type certificated or accepled
by a U. S. military service, for example, a
new type design for which the applicant
desires certification in the restricted
category:

(a) The applicant should submit an
application for type certificate, Form
ACA-312, in duplicate, to the appro-
priate CAA Regional Office. The CAA
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will issue a type certificate aifter the
aireraft has been shown to comply with
the appropriate airworthiness require-
ments.

(b) For new design agricultural air-
craft, an applicant should consult the
appropriate CAA Regional Office, Air-
craft Division, for guidance on appro-
priate airworthiness requirements.

(e) Por new design aircraft intended
for other than agricultural purposes, the
applicant should submit a proposal to
the CAA Regional Office, Aircraft Divi-
sion, in which he selects the airworthi-
ness requirements of one of the standard
categories e, g normal or utility) as a
basis, and indicates any requirements

which he considers should be waived or .

modified for the special purpose in-
volved. Affer examination of the ap-
plicant's proposal, the CAA will advise
him of its acceptance or specify the
requirements which the CAA finds
appropriate,

£ 8.10-2 Military tyve aircrafi (CAA
policies which apply to § 8.10 (a) (2)),
For certification in the restricted cate-
gory, military aircraft are divided into
three classes:

(a) Military aircraft models previ-
ously type certificated in the limited
category under part 9
(1) For such aircraft, the certification
procedure will be that specified in
§ 8.10-3. '

(2y A list of military models that
have been previously type certificated in
the limited category is given in CAA
Safety Regulation Release No. 277,
“Status of Aircraft Certificated in the
Limited Category.”

(3) Compliance with the military
technical orders listed on the CAA air-
craft specifications will not be manda-
tory; however, the applicant should
review the changes specified in these
orders to determine if they are appro-
priate for the particular airplane and
special purpose.

(b) Military aircraft models previ-
ously type certificoted under Part 4a.a

(1) Some military aircraft have been
type certificated under Part 4a on the
basis of required “conversion modifi-
cations” which are listed on the
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pertinent CAA aircraft specification.
Such modifications will not be manda-
tory for certification under Part 8; how-
ever, the applicant should review the
conversion modifications listed on the
aircraft specification to determine if
they are appropriate to the particular
aircraft and special purpose,

(2) For such aircraft the certification
procedure will be that specified in
§ 8.10-3.

(3) A listing of these military aireraft
models is given in thé CAA “Alphabeti-
cal List of Aircraft Specifications” which
is included in the files of CAA Regional
and District Offices, Aviation Safety
Agents and Designated Aircraft Main-
tenance Inspectors.

(¢) Military aircraft models not pre-
viously type certificated in any category.
For military aircraft not covered by
paragraphs (a) and (b) of this section,
the certification procedure will be that
specified in § 8.10-3 upon completing the
following initial steps:

(1) The applicant should first submit
a letter to the CAA, Aircraft Division,
Washington 25, D. C., identifying the
military model and the proposed special
purpose, and reguesting certification un-
der Part 8.

(2) The CAA will check the military
record of the aircraft type. If the rec-
ord discloses unsafe characteristics, the
CAA will inform the applicant of these,
and the aircraft will not be eligible for
certification unless they are corrected or
can be compensated by operating re-
strictions. If the military record is con-
sidered satisfactory, the applicant will
be so informed, and a type certificate
issued for the basic type.

The certification procedure will then
continue as specified in § 8.10-3.

§ 8.10-3 Aircraft modified from «a
previously approved type (CAA policies
which apply to § 8.10 (B))}. Under the
provisions of -§§ 8.10 (b) and 8.20 (a),
a modification to the lype certificate
must be issued for an aircraft which has
been previously type certificated in an-
other category and then modified for a
special purpose, in order to make the
aircraft eligible for an airworthiness
certificate in the restricted category. A
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modification of the type certificate will
be issued by means of Repair and Alter-
ation Form ACA-337 upon completion
of the procedure specified in paragraphs
(a) through (f) of this section.

The term “another category”, as used
in §8.10 (b), includes normal, utility,
acrobatie, transport or limited categories.
under Parts 3, 4a, 4b, 6, or 9 but does not
include experimental. For aircraft
previously certificated in the restricted
category, see § 8.0-2.

(a) Classes of modifications. Since
modifications may vary in scope from
minor alterations to complete redesign
of major components, the basis for de-
termining the airworthiness of a modi-
fied aircraft will depend upon the nature
and extent of the modification. For this
purpose, modifications are divided into
two classes:

(1) Visual basis modifications. Modi-
fications in this class are those for which
airworthiness can be determined by
visual examination, using as guides the
original design of the aircraft and avail-
able information on modification prac-
tices. (See § 8.10-4.)

The procedure for this class is given in
paragraphs (b)_through (f) of this sec-
tion. The submittal of technical data,
such as drawings and stress analysis, is
not required; however, for some modifi-
cations of this class it may be desirable
to obtain engineering advice.

Examples of this class dre:

(i) The removal of a diagonal from a
lower fuselage bay and substitution of

equivalent bracing, installation of a hop-.

per, and increase of engine weight and
power, using information referenced in
§ 8.10-4 as a guide.

(il Reduction in span of a strut
braced monoplane. In this case engi-
neering advice should be obtained, since
the loads in the wing spars may or may
not be seriously changed, depending on
the relative location of the strut attach-
ment point in the original and modified
designs. In such cases, the CAA will
furnish technical assistance upon re-
quest by the applicant.

(2 Design requirement modifications.
Some modifications may be so extensive
that the original design of the aircrafl
and available information on modifica-
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tion practices no longer furnish a sulg-
able basis for determining airworthiness.

An example i1s the conversion of a
monoplane to a biplane, i. which case
the original design does not furnish an
adequate basis of comparison for judg-
ing the structural strength of the new
lift truss.

The airworthiness of this class of
modifications should be determined in
accordance with the applicable parts of
the airworthiness requirements for new
design aircrait, as specified in § 8.10-1
{(b) or (c). Technical data or other
proof of compliance should be submit-
ted in accordance with those require-
ments.

(b Application. The applicant
should apply to a CAA Aviation Safety
District Office, CAA Aviation Safety
Agent, or a Designated Aircraft Main-
tenance Inspector (DAMI) who has been
specifically authorized to perform re-
stricted category certification, and re-
aquest certification of the modified
aireraft in the restricted category. The
following documents should be submit-
ted by the apbplicant:

(1) Duplicate copies of Repair and
Alterationr Form ACA-337. (See para-
graph (d) of this section.) These forms
are prepared by the agency performing
the modification.

{2) Application for Airworthiness
Certificate and/or Annual Inspection of
an Aircraft Form ACA-305. (See
§ 8.20-1 (a).)

These forms are obtainable from all
CAA Regional and District Offices and
DAMTI's. The applicant may consuli
with CAA or proceed with the modifica-
tion prior to making formal application.

(¢} Performance of modification. The
modification to the aircraft should be
performed by or under the supervision
of an authorized agency (. e., a certifi-
cated mechanic, or approved repair sta-
tion having the proper ratings, or the
manufacturer of the aireraft) as speci-
fied by § 18.10. Information for guid-
ance in performing modifications is
referenced in §§ 8.10—4 and 8.10-5.

(dy Form ACA-337. Two copies of
Repair and Alteration Form ACA-337
should be prepared by the agency per-
forming the modification, in accordance
with the following:
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(1) Under Item 7 of Form ACA-337,
state that the aircraft has been modified
in accordance with Part 8 and briefly de-
‘seribe the modifications which have been
made to the aircraft from its previously
approved configuration. Examples of
this entry are given in § 8.20-3 (b)
(2) (i),

(2) It is not required that the air-
craft empty weight, empty center of
gravity or useful load be listed under
item 4 of Form ACA-337; however, if
this information is being voluntarily
maintained by the aireraft owner it may
be entered in this space. (See §§ 8.10-4
(b) and (©).)

{3) When the flight check specified in
paragraph (d) has been completed, it
should be recorded on the back of Form
ACA-331.

te) Flight check. (1) The applicant
should have the modified aireraft flight
checked by a certificated pilo{ holding
at least a private pilot rating to deter-
mine that it is safely controllable and
operates satisfactorily in flisht under the
most adverse loading conditions antici-
pated in service. (See §§ 8.10-4 (b) and
(¢).} For agricultural aircraft, the hop-
pers or tanks should be loaded to the
maximum weights selected by the appli-
cant and discharged in flight. For other
aircraft, flight checks should be made
with the special purpose loads, such as
equipment (or equivalent weights), in-
stalled, and with such loads removed, if
the aircraft is intended to be operated in
that condition. The maximum capacity
weights should be approached in stages,
if there is any doubt concerning the con-
trollability or performance of the air-
plane,

(2) The take-off should be made from
g field of ample size or over suitable open
{errain. The flight check should include
maneuvers simulating the intended spe-
cial purposes operations. The maneu-
vers should first be performed at a safe
altitude over open terrain, Any undue
tendency to go into a stall or dive (in-
stability) or to roll should be considered
unsatisfactory.

(3) Upon completion of a satisfactory
flight check, the following entry should
be made on the back of Form ACA-337
and signed by the pilot who performed
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the flight check:
Modifled aircraft flight checked on....____.

(name) (pilot certificate number)
in accordance with CAM'8.10-3(e) and found
to be safely controllable and to operate sat-
isfactorily with the following special purpose
load: —_____- -~ pounds.

(4) Entries similar to those specified
in subparagraph (3) of this paragraph
should also be made in the aircraft log-
book.

(£) Inspection of wmodifications, A
CAA Agent, or a DAMI specifically au-
thorized to perform this function, will
visually inspect the aircraft modifieations
for the following, using the information
referenced in § 8.10-4 as a guide:

(1} Good aeronautical practice in re-
spect to materials, techniques, and work-
manship.

(2) Obvious unsafe features or haz-
ards, of which the followinhg are
examples:

(i) Structure-—removal of structural mem-
bers or material without adequafe re-inforc-
ing; attachment of heavy loads to members
at improper points,

(ii} Fire and toxicity—improper location,
construction or installation of hoppers,
tanks, discharge devices, inflammable fluid
lines, pumips, ana connections; lack of venti-
lation, drainage, and cleaning provisions;
special fire prevention features if the air-
craft is to be used for sulphur dusting;
otherwise such operations will be restricted
by operating limitations (see §8.3-1 (a)
(2) (1))

(iiiy Crash hazards—inadequate attach-
ment of seats and safety belts; tanks or hop-
pers located aft of pilot and not adeguately
supported for forward acting inertia loads.

(iv) Vision—any appreciable reduction in
angles of vision.

(g) Approval of wmodified tyve air-
craft. Upon satisfactory completion of
items (b) through (f), the Forms ACA-
337 will be checked “approved.” The
original copy of the Form ACA-337 will
he returned to the aireraft owner for in-
clusion in the airecraft’s records, and will
constitute the modification of the type
certificate required in § 8.10 ().

The agent or designee will also inspect
the entire aircraft for general airworthi-
ness condition, issue an airworthiness

PR
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certificate, and prescribe the operating
limitations in accordance with §§ 8.20-1
and 8.30-1.

(h) Approval of alternate installa-
tions. Approval of alternate installa-
fioms (e. g hopper or tank) may be
obtained on the same Form ACA-337,
provided both are described and meet
the requirements for approval.

(i) Additional modified aircraft.
After the first modified type aireraft has
been approved in accordance with para-
graph (g) of this =ection, additional air-
craft of the same type may be approved
on the basis of conformity with the
original, without requiring the compleie
flight check speed specified in paragraph
() of this section. The following entry
should be made at the end of item 7 of
the Forms ACA-337 for the additional
aircraft:

These modifications are the same as de-
scribed on approved Forin ACA-337, dated

{CAA Registration Mark of original approved
aircrajft). -

§ 8.10-4 Agricultural aircraft modifi-
cations (CAA policies which apply to
§ 8.10 (b))—(a) General. This section
applies to aircraft used for agricultural
and similar special purpose operations
which are normally conducted over open
areas.

Information for the guidance of opera-
tors in modifying and operating aircraft
for agricultural purposes is given in CAM
8, Appendix A. Compliance with this
guide material is not required to obtain
approval of*a modified aircraft; however,
precautions should be taken to avoid
hazards such as those listed in § 8.10-3
(), Sections 18.20-1 through 18.20-15,
manufacturer’s bulletins, military manu-
als, industry specifications, and previous
satisfactory modifications may also be
used as guides in modifying aircraft.

The CAA will, upon request, furnish
consulting service on the safety aspects
of aircraft modifications and installa-
tions.

(b Mazimum weight. (1) It is not
required that a maximum (iotaly weight
be established as an operating limita-
tion for agricultural aireraft. In lieu
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thereof. maximum weights for the special
purpose loads (e. g. hopper or tank ca-
pacities) should be selected by the appli-
cant and demonstrated in the flight
check in accordance with § 8.10-3 (e).

(i) These maximum capacities
{(weights) for the hoppers or tanks
should be listed on placards on or ad-
jacent to the appropriate filler covers.

(ii) If subseguent modifications
change the aircraft weight or balance
appreciably, or the operator desires to
increase the special purpose loads, the
flight check specified in §§ 8.10-3 (e) (1)
and (2) should be conducted with the
revised loadings. Hopper or spray tank
placards may be revised accordingly,
The fiight check should be recorded in
the aireraft logbook as specified in
§ 8.10-3 (&) (&), Form ACA-337 is nof
required to be submitted when the spe-
cial purpose load is changed without
modification of the aircraft.

(iii) When a previously certificated
agricultural aircraft is recertificated un-
der Part 8 without changing the aircrafy
(See §§8.0-2 (b) and 8.0-3 (b)), the
placard capacities may be deterinined by
calculation from the previous ‘“‘useful
load” data, without flisht check.

(2) Under the aircraft operating lim-
itations, the operator is responsible for
adjusting the actual operating weight to
provide a safe margin of performance
for the existing flight conditions. (See
§ 8.30-1). Appendix A contains infor-
mation from which the effects of drag,
weight, altitude, and temperature on air-
craft performance may be estimated.

(3) Any increase in maximum weight
will, of course, impose higher loads on
the aircraft structure. The extent to
which the weight may be safely in-
creased will depend on the maneuvers
and speeds used in the special purpose
operations and the strength require-
ments to which the aircraft was origi-
nally designed. Information on the
strength requirements to which a previ-
ously type certificated aircrait was orig-
inally designed may usually be obtained
from the CAA.

(¢)y Center of gravity. (1) A weight
and balance report is not required to be
submitted. However, to prevent possible
dangerous flight characteristics, it is
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recommended that the modification be
planned so as to avoid excessive change
in center of gravity. Information on
this subject is given in Appendix A and
in § 18.20-15.

(2) One purpose of the flight check
specified in § 8.10-3 (e) is to delermine
that the aireraft is safely controllable at
the most forward and most aft loading
conditions anticipated in service. For
agricultural aircraft this may usually be
accomplished by conducting the flight
check with maximum and minimum fuel
loads intended to be carried in combina-
tion with the corresponding hopper or
spray tank loads. For large aireraft, or
those with more complicated arrange-
ments of the variable loads, weight and
balance calculations should be made to
determine critical combinations for the
flight check.

(d) Powerplant modifications. (1) It
is recommended that CAA type certifi-
cated or military approved aircraft en-
gines and propellers be installed, and
that a propeller stress survey be made
for all metal propeller-engine comhina-
tions which have not been previously
surveyed to determine the existence of
dangerous vibration ranges.

(2) If the recommendations in (1) are
not followed, the aircraft operating limi.
tations will state that the aireraft shall
not be operated over congested areas and
is not eligible for a waiver to conduct
such operations. (See §§8.30-1 and
8.31-1).

(3) Information for guidance in mak-
ing engine installations is given in CAM
8, Appendix A.

§ 8.10-5 Advertising aircraft modifi-
cations (CAA policies which apply to
§ 8.10 (b)). 8Since aerial . advertising
operations are normally conducted over
congested areas, for which a certificate of
waiver or authorization would be re-
quired under the provisions of §§ 8.31
and 8.31-1, it is important that high
standards for powerplant reliability,
structural integrity, and safe flight char-
acteristics be maintained in modifying
aireraft for such purposes.

§ B.20 Eligibility for airworthiness certifi-
cate. An aircraft shall be issued an air-
worthiness certificate in the restricted cate-

gory if it complies with all of the following
provisions:

§8.20-1 ()

(a) The aircraft is type certificated under
the provisions of § 8.10 (a), or modified un-
der the provisions of § 8.10 (h);

(b) The aircraft has been inspected by the
Administrator and found by him to be in
a good state of preservation and repair and
in a condition for safe operation; and

{c) The Administrator has prescribed op-
erating limitations for the aircraft in accord-
ance with § 8.30,

§ 8.20-1 Issuance of airworthiness
certificates for gircraft modified from a
previously approved type (CAA policies
which apply to § 8.20 (B)). The follow-
ing procedure applies to aircraft which
have been modified from a previously
approved type or a military type under
the provisions of §§ 8.10 (b) or 8.10 (a)
(2), and 8.10-3:

(a) Procedure to be followed by ap-
plicant. The applicant should make
apblication for a restricted category cer-
tificate of airworthiness on Form ACA-
305, entitled “Application for Air-
worthiness Certificate and/or Annual
Inspection of an Aircraft.” This form
is obtainable from all CAA Regional and
District Offices, and Designated Aircraft
Maintenance Inspectors (DAMI’s). It is
suggested that the applicant discuss the
entries required to complete the form
with an Aviation Safety Agent, or a
DAMI authorized to perform restricied
category certification, at the time the
form is secured.

One copy of Form ACA-305 should be
completed by the aircraft owner, or his
agent. Items 1 through 12 should be
completed by the applicant and in addi-
tion he should indicate in space 21, “Re-.
marks”, the special purpose operations
he proposes to conduct with the aircraft.
All entries on this form should be typed
or printed with pen and ink.

The CAA representative will complete
items 13 through 20 at the time of inspec-
tion. This application, Form ACA-305,
will eventually be filed in the Aireraft
Records Branch, Ref. W-300, Washing-
ton, D. C. ‘

Normally, restricted category certifi-
cates will he issued by 2 CAA aviation
safety agent; however, the Administra-
tor may authorize DAMI's who are espe-
cially experienced with restricted cate-
gory aircraft to issue restricted category
airworthiness certificates. In order that
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applications may be processed expedi-
tiously, they should be directed to the
local aviation safety district office, un-
less the applicant knows of 2a DAMY who
has been given specific authority to issue
restricted category airworthiness certifi-
cates,

(b)Y Inspection for state of preservation
and repair— (1) Inspection. In addition
to the inspection of the modification re-
ferred to in § 8.10-3 (f), the CAA repre-
sentative will make an inspection for de-
termining the state of preservation and
repair, approximating the scope of a pe-
riodic inspection. (See instruction items
3 through 11 contained on the reverse
side of Form ACA-319 (revised 11-49)
for the scope of a periodic inspection).
PForm ACA-319, entitled, “Periodic Air-
craft Inspection Report”, is obtainable
from any CAA District Office or Regional
Office, or CAA representative.

(2) Atrworthiness directives. Compli-
ance with CAA airworthiness directives

issued for the basic (unmodified) type
will not be mandatory for aircraft cer-
tificated under Part 8. However, the
owner should review these airworthiness
directives to determine if they are ap-
plicable to the modified aircraft and
special purpose involved. The CAA rep-
resentative may use the airworthiness di-
rectives as a guide and will not approve
the aircraft if he finds that an unair-
worthy condition actually exists at the
time of the inspection.

(3) Aircraft identification marks. In
accordance with the provisions of § 43.10
as amended effective October 11, 1950,
all restricted category aireraft must

display aircraft identification marks
which comply with the following:

(i) The word *“restricted” must bhe
prominently displayed near each en-
trance to the cabin or cockpit.

(ii) If the symbol “R" appears in the
aircraft identification marks, it need not
be removed until the aireraft is refin-
ished; except that such symbol must be
removed from aircraft operating outside
the United States after December 31,
1950.

(iit) If the aireraft was previously
certificated in another category and
bears the symbol “C”, “X", or “L” in
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the identification marks, such symbol
must be removed prior to certification in
the restricted category. In such cases
it wili not be necessary to relocate the
remaining symbols or numbers.

§ 8.20-2 Issuance of airworithiness
certificates for uaircraft manufactured
under a restricted category tupe cer-
tificate (CAA policies which apply to
§ 8.20 ()). An airworthiness certificate
will be issued for an aireraft manufac-
tured under a restricted category type
certificate (for example, a new design
type certificated under the provisions of
§§ 8.10 ¢a) (1) and §.10-1 when the f0l-
lowing procedure is completed:

(a) For aireraft manufactured under
a type certificate only: '

(1) An application for an airworthi-
ness certificate is made on Form ACA-
305.

(2) A statement of conformity, Form
ACA-317, signed by the manufacturer, is
submitted with the application.

(3) A representative of the Adminis-
trator has inspected the aircraft and
finds that it conforms to the type design
and is in condition for safe operation.

(b) For aircraft manufactured under
a production certificate: The procedure
will be as specified in paragraph (a) of
this section, execept that a statement of
conformity is not required, and the con-
formity inspection may be omitted.

§8.20-3 Revpairs and alterations
(CAA policies which apply to § 8.20 (B)).
The procedures specified in this section
apply to repairs and alterations which
are made subsequent to the original cer-
tification of an aircraft in the restricted
category under Part 8. (Aireraft cer-
tificated under Part 8 are so designated
on the Aircraft Operation Limitations
Form ACA-309.) Por such aireraft, the
provisions of the Administrator's poli-
cies and interpretations in this part
modify the provisions of §§ 18.16-2,
18.16-4, 18.16-5, and 18.16-6 concerning
submittal of technical data for major
alterations and major repairs.

For restricted category aircraft which
have not been recertificated under Part 8
(see § 8.0-2 (a)) repairs and alterations
should continue to be accomplished in
accordance with Part 18 including the
Administrator's policies and interpre-
tations.
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For aircraft which have been issued a
multiple airworthiness certificate under
the provisions of § 8.21, repairs and al-
terations should be accomplished in ac-
cordance with § 8.21-1 (f).

{a) Owner’s procedure. It is the re-
sponsibility of the aircraft owner, or his
agent, to assure that zall. mechaniecal
work, other than routine maintenance,
is performed by or under the supetrvi-
sion of an authorized agency (i. e., a
certificated riechanic or approved repair
station having the proper ratings, or the
manufacturer of the aircraft) as speci-
fied in §18.10, and in accordance with
this manual.

Prior to returning the aircraft to
service, the owner should determine that
the repairing or altering agency has
completed the record of such repairs
and/or alterations in the appropriate
aireraft or engine records, in accordance
with § 43.23, and that a flight check has
been made, if applicable. (See § 8.20-3
(by (2) (ii).)

(b) Repair agency procedure. A re-
pair agency (i. e., a certificated me-
chanic¢, approved repair station, or the
manufacturer of the aircraft) should be
guided by the following when accom-
plishing repairs and/or alterations to an
aircraft certificated in the restricted
category under Part 8:

(1) Good practices. Allrepairs and/or
alterations should be made in accord-
ance with good aeronautical practice,
The Administrator's policies and inter-
pretations in Civil Aerenautics Manual 18 de-
scribe in detail the operations which the
Administrator of Civil Aeronautics con-
siders to be routine maintenance, minor
and major repairs, and minor and major
alterations, They set forth in detail re-
pair methods, techniques, and prac-
tices which the Administrator has found
acceptable. Sections 8.10-4 and 8.10-5,
Appendix A to CAM 8, and other publi-
cations such as Army-Navy specifica-
tions, maintenance manuals for military
aircraft, and recognized industry speci-
fications are also acceptable guides to
good aeronautical practice.

(2Y Major repairs and alterations—(i)
Technical daia. Repair agencies are
authorized, by the provisions of this

§820-3 ( (2) b

CAM, to waive the CAA policies set forth
in §§18.16-2, 18.16-4, 18.16-5, 18.16-6,
and with regard to the data required to
be submitted with Repair and Alteration.
Form ACA-337, for all major repairs and
for those major alterations in the class
for which airworthiness may bhe deter-
mined by visual examination in accord-
ance with § 8.10-3 (a). In lieu of sub-
mitting such technical data, the repair
agency should prepare Form ACA-337 a3
specified in subdivision (ii) of this sub-
paragraph. However, the fact that the
repairing agency is not required to sub-
mit substantiating data does not pre-
clude its responsibility for determining
that the repair and/or alteration is air-
worthy in accordance with good aero-
nautical practices.

(ii) Form ACA-337. Repair agencies
should complete Form ACA-337, Repair
and Alteration Form, for every major
repair and/or alteration. Form ACA-
337 should be completed in accordance
with the instructions contained on the
reverse, except that item 4 (weight and
balance) need not be completed unless
this information is wvoluntarily being
maintained by the aircraft owner. (See
§5 8.10-4 (b) and (¢)).

In lieu of the information and data.
referred teo in Subdivision (i) of this
subparagraph, the repair agency should
insert under item 7 a narrative descrip-
tion of the repair and/or alteration. The
first statement under item 7 should in-
dicate that the repair or alteration has
been made under the provisions of Part
8. It is not necessary to include details
in the description such as method of
attachment, size and gauges of material,
etc., since these items will be visually
inspected when the aircraft is examined
and approved. If the repair agency
finds it easier, or preferable, to describe
the repair and/or alferation by the use
of photographs or sketches, these may
be used to supplement the narrative de.-
scription. If equipment shown on CAA
Aircraft Specifications (e. g. a spray
kit) is installed, it may be identified
by the specification and item number.
Standard repairs such as a spar splice
which has been made in accordance with
the Administrator's policies and inter-
bretations in CAM 18 may be described
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by reference to the appropriate figure
contained in the Administrator's policies
and interpretations in CAM 18.

For example, a typical statement
might read as follows:

The repair described below to this duster
aircraft has been accomplished under the
provisions of Part 8, the welding and long-
eron splicing have been made in accordance
with figures ______.._..-. (continue with
description of repair).

(iiiy Flight check. Whenever a re-
pair or alteration is likely to. adversely
effect the weight and balance, or flight
characteristics (See §8.10-4 (b) and
(¢)), the repair agency should advise
the owner to conduct a flight check as
specified in §8.10-3 (e¢). Hopper and
tank capacity (weight) placards and
other special purpose weights may be
changed on the basis of the flisht check,
as specified in § 8.10-4 (b).

(¢) Approval of major repairs and
alterations vperformed by certificated
mechanics. Major repairs and/or alter-
ations accomplished by certificated
mechanics should be inspected, ex-
amined, and approved by an authorized
representative of the Administrator
prior {o returning the aireraft to service.

(1) Major repairs which have been
accomplished in accordance with a man-
ual or specification approved by the Ad-
ministrator may be submitted to either
a DAMI or a CAA agent for inspection
and approval.

(2) All major alterations, and those
major repairs not made in accordance
with a manual or specification approved
by the Administrator, should be sub-
mitted only to a CAA aviation safety
agent or to a DAMI who has been spe-
cifically authorized to perform restricted
category certification for inspection and
approval.

(3) It is suggested that mechanies
making major repairs and ‘or alterations
notify the CAA agent or DAMI as far
in advance of the anticipated compietion
date as possible, in order that he may
make the necessary arrangements to
conduct the airworthiness inspection.

{4) The aircraft should be presented
in econdition for inspection, that is, all
work should be completed, the appro-
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priate cowling and inspection plates
should be removed, and the parts or
installations to be inspected cleaned and
visible for inspection. All aircraft and
engine loghook entries should have been
completed, the Repair and Alteration
Form ACA-3317, executed, and the flight
check accomplished, if applicable.

() Approval of major repairs and
alterations performed by manufacturers
and approved repair stations. (1) Man-
ufacturers of the aircraft and approved
repair stations may return aircraft to
service after major repairs and,/or al-
terations without prior inspection and
approval of the CAA, provided that:

(i) Repairs and alterations are per-
formed in accordance with good aero-
nautical practice as defined in this
manual. (See §§8.10-4, 8.10-5, and
8.20-3 (b) (1)).

(ii) Major alterations are in the class
for which airworthiness can be deter-
mined by visual examination. (See
§ 8.10-3 a)),

(iii) Major alierations are examined
to determine that they do not result in
unsafe features or hazards. (See
§ 8.10-3 (f)).

(iv) A satisfactory flight check has
been accomplished, if applicable. (See
§ 8.20-3 (b (2) dii))y.

(2) Major alterations in the design
requirement modification class (see
§8.10-3 (a) (2)) should be approved by

the CAA prior to returning the zircraft
to service.

(3) When the Repair and -Alteration
Form ACA-337 has been completed in
aceordance with §8.20-3 (b (2) (ii)
and the required logbook entries made,
the original copy of the Form ACA-337
should be given to the owner of the air-
craft and made part of the official air-
craft record. The copy of Form
ACA-337 should be forwarded to the
nearesi CAA Aviation Safety District
Office in accordance with the instruc-

tions contained on the reverse of the
form.

§8.21 Multiple airworthiness -certifica-
tion. (&) An aircraft shall be issued an
airworthiness certificate in the restricted
category and in any one or more of the other
airworthiness catepories prescribed in this
subchapter, if the applicant shows compli-
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ance with the requirements for each cate-
gory when the aircraft is in the configura-
tion for that category and if the aireraft can
be concerted from one category to another
by removal! or addition of equipment by
simple mechanical - means.

(b) Any aircraft certificated In the re-
stricted and any other category shall be in-
spected and approved by an authorized
representative of the Administrator, or by a
certificated mechanic with an appropriate
airframe rating, to determine airworthiness
each time the aircraft is converted from the
restricted category to another category for
the carriage of passengers for compensation
or hire, unless the Administrator finds this
unnecessary for safety in a particular case.

$8.21-1 Multiple airworthiness cer-
tification (CAA policies which apply to
$ 8.21). Since the operating limitations
for the restricted category differ from
those of other categories (e. g. in re-
spect to maximum weights and the car-
riage of passengers) an owner may de-
sire multiple airworthiness certification
in the restricted and other categories
in order to avoid the need for revising
the airworthiness certification docu-
ments each time the aircrafi{ is con-
verted from one eategory to another.
The following procedure applies to mul-
tiple certification:

(a) Eligibility of aircraft. An aircraft
will be eligible for multiple airworthi-
ness certification in the restricted cate-
gory and another (passenger-carrying)
category when:

(1) The aircraft complies with the
requirements for a normal, utility, acro-
batic, transport or limited category air-
craft under Parts 3, 4a, 4b, 6, or 9 when
in the appropriate configuration. This
configuration may include alterations
from the basic tvpe (e. g. to
accommodate the subsequent
installation of special purpose equip-
ment), provided these alterations are
accomplished and approved in acecord-
ance with Part 18. This
configuration will be called the “stand-
ard” configuration for the aircraft.

(2) The aircraft is shown to comply
with the requirements for the restricted
category in accordance with § 8.10-3
when in the restricted category configu-
ration.

(3) The aircraft can be converted from

§ 8.21-1 (d) (1)

one category to another by the addition
or removal of equipment by simple me-
chanical means within the scope of a
minor alteration. Examples of minor
alterations are given in § 18.7-1.

(b)Y Application. An applicant for
multiple airworthiness certification
should make application for such cer-
tificate on Form ACA-305, entitled, “Ap-
plication for Airworthiness Certificate
and/or Annual Inspection of Aircraft.”
This form is available at all CAA avia-
tion safety district and regional offices.
It is suggested that the applicant discuss
the requirements and information that
must be submitted with the application
at the time the form is secured. The
completed application form should he
submitted to the local aviation safety
district office.

(¢) Information to be submittied with
application. The applicant for multiple
certification should submit with the ap-
plication form the following informa-
tion:

(1) Form ACA-337 Duplicate copies
of Repair and Alteration Form ACA-337
should be prepared by the repair agency.
The alterations should be listed under
two headings as follows:

{i} Standard configuration—the alter-
ations to the basic type and the equip-
ment which will remain in the aireraft in
this configuration. This portion of the
form should be executed in sccordance
with § 18.16.

(i1) Restricted configuration — de-
scription of restricted category equip-
ment and record of flight check, as speci-
fied in § 8.10-3 (d».

(2} Conversion instructions. Detailed
step by step instructions should be pre-
pared covering the installation and re-
moval of the components or equipment
required for each category in which cer-
tification is being sought.

(d) Issuance of multiple airworthiness
certificates— (1) CAA inspection. Upon
receipt of the information specified in
paragraph (¢) of this section, the CAA
agent will inspect the airceraft as follows:

(1) For the standard configuration,
the inspection will cover conformity with
the pertinent CAA aircraft specifications
and airworthiness directives, compliance
with Part 18 and the Administrator’s
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polictes and interpretations in CAM 18
for any alterations included in this con-
fisuration, and general airworthiness
(i. e., state of preservation and repair).

(ii) For the restricted configuration,
the restricted category installations
will be inspected in accordance with
§ 8.10-3 (D).

(iiiy The Repair and Alteration Form
ACA-337 and the instructions for con-
version will be examined for complete-
ness. The agent, at his discretion, may
require the applicant to demonstrate
that the aircraft can he converted from
one category to the other by simple me-
chanical means in accordance with the
conversion instructions specified in par-
agraph (¢} (2) of this section.

(2) Identification marks.
issued multiple airworthiness certificates
are required to display identification and
airworthiness classification marks pre-
scribed by § 43.10 (¢) (&),
as amended effective Qctober 11,
1950. If the aircraft bears the symbol
“C" or “R” following the nationality
symbol “N” in the identification marks,
the symbol “C” or “R’ should be re-
moved prior to multiple airworthiness
certification. When restricted category
operations are being conducted, fthe
airworthiness classification mark ‘“‘Re-
stricted” should be displayed at each
entrance to the cockpit or cabin.

When the aircraft is operated in the
standard (passenger-carrying) category,
the airworthiness eclassification mark
“Restricted” should be removed. In
order to facilitate installation and re-
moval of this mark, it may be a separate
placard fastened in place by bods, or by
any other method of attachment that is
easily installed or removed. The instal-
lation and removal of this atrworthiress
classification mark should be incorpo-
rated in the detailed conversion instruc-
tions described in § 8.21-1 (¢) (2)

3) Airworthiness documents. Upon
completion of the inspection, and when
the agent finds the aireraft conforms to
the reguirements for multiple certifica-
tion, he will issue a Certificate of Air-
worthiness, Form ACA-1362, and Opera-
tion Limitations, Form ACA-309, and
atiach to the latter the detailed conver-
sion instruections. The original copy of

Aircraft.
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the Form ACA-337 will be returned to the
owner for inclusion in the aircraft
records.

(e} Converting atreraft from one cate-
gory to the other. Aircraft having mul-
tiple airworthiness certification should
be converted from one category to the
other in accordance with the approved
conversion instructions and the follow-
mng:

(1) Nomn-revenue operations. Any
certificated mechanic eor piloft may con-
vert the aircraft from one category to
the other; provided, the aireraft does not
carry passengers for compensation or
hire.

(2) Carriage of passengers for com-
pensation or hire. In order for an
aircraft certificated in the multiple air-
worthiness classification to carry pas-
sengers for compensation or hire, the
aircraft must, under the provisions of
§ 8.21, be inspected by a certificated me-
chaniec having an airframe mechanic
rating or a representative of the Admin-
istrator, and found to be in airworthy
condition each time the aireraft is con-
verted from the restricted category to
a standard (passenger-carrying) cate-
gory, unless the Operation Limitations
Form ACA-309, described in § 8.34-1,
specifically states that such inspection
is not necessary.

(i) Scope of inspection. The air-
worthiness inspection should be the
equivalent of the inspection described in
items 3 through 11 on the reverse side
of the Periodic Aircraft Inspection Re-
port, Form ACA-319 (Revised 11-49).
The periodic aircraft inspection form
may be used as an inspection guide: how-
ever, it is not mandatory.

(ii) Recording of inspections. A rec-
ord of each such inspection should be
made in the aircraft record or loghook
in accordance with § 43.23 (a)

TLis entry should include a

statement as to the airworthiness of the
aircraft, which should be dated and
signed by the mechanic or representative
making the inspection. A mechanic
should include his certificate number fol-
lowing his signature, and a representa-
tive of the Administrator should place his
designation identification and number
following his signature. (For example,
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DAMI #01234).

It is the owner’s responsibility to de-
termine that the inspection and record-
ing of the inspection have been made
prior to carrying passengers for com-
pensation or hire.

(f) Repairs agnd alterations to air-
craft issued multiple airworthiness
certificates. (1) All repairs and/or alter-
ations to the standard configuration por-
tion of the aireraft, including powerplant
and propeller, must be accomplished in
accordance with Part 18 and the Admin-
istrator’s policies and interpretations in
CAM 18.

(2) All major repairs and/or altera-
tions to aircraft certificated in multiple
airworthiness classifications must be
examined, inspected, and approved in
accordance with § 18.11.

(3) Repairs and/or alterations to any
part of the removable equipment, not in-
cluded in the aircraft in the standard
configuration, may be handled in ac-
cordance with § 8.20-3.

(g) Application of airworthiness di-
rectives. Compliance with airworthiness
directives issued by the CAA for the
standard (passenger-carrying) category
aircraft will be mandatory for all air-
craft certificated in the multiple air-
worthiness classification, without regard
to the category in which the aircraft is
heing operated,

§ 830 Operating limitations—Administra-
tor's authority to preseribe. In addition to
the operating limitations set forth in §§ 8.31
through 8.34, the Administrator shall pre-
scribe such operating limitations and re-
strictions as he finds necessary for safe
operation of the aircraft and for the protec-
tion of the public.t

*Where the special purpose operations
require deviation from the Air Traffic Rules
in Part 60 of this chapter, a waiver of such
rules must be obtained from the Adminis-
trator in accordance with the provisions of
Part 60.

§ 8.30-1 Owperating limitations (CAA
policies which apply to §830r—(a)

rorm ACA-308. The special purpose
operations authorized for the aircraft
and the operating limitations prescribed
in § 830 will be listed on CAA Form
ACA-309, .which is entitled “Operation

§8.31

tions are being econducted, unless the
Administrator finds it in the public in-
terest to authorize such operation and
has issued a Certificate of Waiver or Au-
thorization, Form ACA-663, permitting
such operation.

(iv) Persons and cargo shall not he
carried for compensation or hire,

(v) Persons other than the minimum
crew necessary for the agricultural op-
erations shall not be carried during these
operations,

(vi) No pérson shall be carried in the
aircraft unless a seat and safety belt, in-
stalled in accordance with good aeronau-
tical practice, is provided for his use.

(2) Examples of additional limita-
tions. Examples of additional limita-
tions which the CAA representative may
prescribe for safe operation and the pro-
tection of the public are:

(i) A prohibition against sulphur
dusting, unless special fire prevention
measures have been incorporated in the
aireraft.

(ii) A statement in the area operating
limitations (subparagraph (1) (iii) of
this paragraph) that the aircrait is not
eligible for a waiver to operate over con-
gested areas because of uncertificated
powerplant components. (See § 8.10-4
d)>.

(iii) Restricted engine speed (rpm)
ranges, if a metal propeller stress survey
indicates the need for such restrictions.

(c) Aerial advertising aircraft. For
special purpose operations such as ban-

ner towing, skywriting, and similar op-

erations normally conducted over
populated areas, aircraft limitations,
such as weight, airspeed and engine lim-
its, will be prescribed and will be essen-
tially the same as those established
under the airworthiness requirements
for the basic type, unless the nature of
the special purpose operations or the de-
sign of the basic aircraft or the modi-
fications indicate that a particular
limitation should be altered. (See
§ 8.10-5.)

§ 8.31 Area operating limitations. Special
purpose operations in restricted category air-
craft shall not be conducted over densely
populated areas, in congested air lanes, or
in the vicinity of busy airports where pas-
senger transport operations are being con-
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ducted, unless the Administrator finds it in
the public interest to allow operations in
such area, in which case he shall prescribe
specific operating Hmitations to provide the
highest degree of public safety compatible
with the type of operation involved.

§ 8.31-1 Waiver of area operation
limitations (CAA policies which apply
to § 8.31)—(a) Application. If an op-
erator desires to conduct special purpose
operations in the areas described in
§ 8.31, using a restricted category air-
craft, he should submit to the local avia-
tion safety district office an Application
for a Certificate of Waiver, Form ACA-
400, requesting that the area limitations,
as set forth in § 8.31, be waived for the
type of operation involved. The air-
craft Operation Limitations Form ACA-
309 should also be submitted for
examination.

If there is any question as to what
constitutes a densely populated area,
congested air lane or busy airport, it
is suggested that the operator contact
the local aviation safety disirict office
for a determination.

The same application may be used for
requesting waiver of § 60.17 (b) of this
chapter for operation below the mini-
mum altitudes specified in that section
for congested areas.

th) Certificate of waiver or authoriza-
tion. After examining the application
and the aircraft operation limitations,
the CAA will issue a Certificate of Waliver
or Authorization, Form ACA-663, where
it is found in the public interest to allow
the proposed operations. Where the op-
eration conflicts with any state law or
focal ordinance or reguires permission
of local authorities or property owners,
it is the responsibility of the operator
to obtain such permission. The certifi-
cate may include special provisions con-
sidered necessary to provide the highest
degree of safety compatible with the
special purpose involved.

§ 832 Economic operating limiiations.
Persons and cargo shall not be carried for
compensation or hire in resuricted category
ailreraft. For purposes of this section crop
dusting, seeding, and other similar special-
ized operations, including the carriage of
materials necessary for such operations,
shail not be considered as the carriage of
persens or cargo for compensation or hire.
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§ 8.32-1 Economic operating Umita-
tions (CAA interpretations which apply
to §832). Under the provisions of
§ 8.32 restricted category aircraft are
not permitted to carry passengers or
cargo for hire. This section does not
prohibit the non-revenue carriage of
personnel in addition to erew members
from one location to the other:; provided,
the aircraft does not engage in special
purpose operations. during the flight.
(See § 8.33.) For example, an operator
might fly his ground-c¢rew to a location
where special operations are to be con-
ducted. The carriage of such persons,
their personal luggage, and spare parts
would not be considered as the carriage
of passengers or cargo for hire or com-
pensation. When such persons are car-
ried, they should have available seats
and safety belts, installed in the aireraft
in accordance with good aeronautical
practice,

§ 833 Passengers prohibited during spe-
cial purpose operations. Persons, other than
the minimum crew necessary for the pur-
pose involved, shall not be carried during
special purpose operations in restricted
category aircraft,

§ 8.33-1 Passengers prohibited dur-
ing special purpose operations (CAA in-
terpretations which apply to § 8.33). The
minimum crew specified in § 8.33 in-
cludes those persons necessary to navi-
gate the airecraft, such as pilot, co-pilot,
and flight engineer, and such other per-
sons as may be required to perform the
special purpocse operations. For exam-
ple, a multi-engine aircraft engaged in
an agricultural operation of dispersing
poison bran might be navigated by a
pilot and co-pilot, and also have as part
of its crew persons engaged in the dis-
persing of the bran. All of these persons
would be considered crew members since
each has a specific job to perform in
connection with the special purpose
operation. Persons other than crew
members are not permitted to be car-
ried during special purpose operations.
A pilot or other crew member who is
being given training in the special pur-
Pose operations may be considered an
essential crew member. However, ho
charge may be made for such training in
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aircraft certificated under Part 8, be-
cause of the economic operating limita-
tions preseribed in § 8.32.

§8.34 Separate operaling limitations for
multiple airworthiness certification. In case
of multiple airworthiness certification under
the provisions of §8.21, the Administrator
shall establish separate operating limitations
for each category and shall specify the ap-
proved changes necessary to convert and
reconvert the aircraft from one category to
another,

§ 8.34-1 Operating lmitations for
multiple -airworthiness ceritification
(CAA policies which apply to § 8.34)—
(a) Form ACA-309. The operating lim-
itations referred to in § 8.34 will be
established by the CAA revresentative at

the time he issues the airworthiness cer-
tificate as specified in §8.21-1 (d).
These operating limitations will be listed
on CAA Form ACA-309, “Operation
Limitations”, under two headings as
follows:

(1) The operating limitations for the
standard configuration (i. e. categories
other than restricted category),will be
listed in the appropriate spaces on the
Form ACA-309, or, if applicable, in the
CAA approved airplane flight manual.

(2) The operating limitations for the
restricted category operations will be

§ 8.34-1 (¢)

listed on Form ACA-309 under “Limita-
tions.,” These limitations will be desig-
nated as applicable to the restricted
category and will be prescribed in ac-
cordance with § 8.30-1. Provisions will
also be included covering the conversion
of the aircraft from one category to
another (see § 8.21-1 (¢) (2)), and in-
spection of the aircraft prior to the car-

riage of passengers for hire. (See
§$8.21-1 (e} (2)),
(b} Conversion insrtuctions. The ap-

proved changes necessary to convert the
aircraft from one category to the other
as specified in § 8.21-1 (¢) (2}, will be
attached to and are considered part of
the operating limitations and should not
be changed or amended without the ap-
proval by the CAA.

(c) Owner’s responsibility. It will be
the responsibility of the aireraft owner
to keep the operating limitations avail-
able in the aircraft in accordance with
§43.10 () (1), and to
assure that the changes necessary to con-
vert from one category to the other are
made in accordance with the approved
instructions.

The CAA supplementary material shall
become effective January 1. 1951.
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Structural Changes

1.0 GENERAL

The airplane is one of the most carefully designed vehicles of trans-
portation because safety and performance considerations require efficient
utilization of structure from a weight and strength standpoint. Since
weight is such an important factor, structural members are usually designed
with little reserve strength over that to be reasonably expected in service.
Consequently, when structural changes are made or equipment 1is added, it is
essential that consideration be given to the additional loads which struc-
tural members might be required to carry and to restoring at least the ini-
tial strength of the member where it has been altered. It is also well to
remember that the airworthiness of a modified airplane can never be higher
than the standard set by the person altering the basic design. These facts
should be impressed upon the minds of all who attempt alterations of air-
plane structures if a level of safety commensurate with the or1g1nal air-
worthiness of the airplane is to be maintained.

The modification and design problems commonly encountered in the adap-
tation of an airplane for agricultural use are presented herein as a prac-
tical guide. Technical assistance and advice covering proposed design
changes can be obtained by contacting local Civil Aeronautics Administra-
tion representatives.

l.1 EFFECTS OF ALTERATIONS ON AIRCRAFT

The two basic considerations 1in aircraft design are structural
strength and aerodynamic (flight) characteristics. To obtain desired char-
acteristics for a particular type aircraft, the designer must make some
compromise between the most efficient structural and aerodynamic design.
It is, therefore, only reasonable to assume that any changes made may af-
fect either one or both of these basic considerations. Consequently, when
changes are contemplated, the resultant effects on structural strength and
aerodynamic characteristics should be considered.

l.10 Structural. All structural members of an airplane, whether in
the fuselage, wing or tail surfaces, are put there to serve a definite pur-
pose and are designed to carry and distribute specific loads. Often, an
alteration will change the design loading of affected members due to the
effects of geometrical or weight changes. Such changes are not necessarily
critical nor undesirable, but, in some cases, may overstress the member be-
yond that load for which it was originally designed. However, in all cases
the effects of an alteration should be investigated to assure adequate
strength.

l.1l Aerodynamic. Aerodynamic characteristics normally will not be
affected if the contour and center of gravity range are unchanged. However,
protuberances, or changes in external contour may, for instance, increase
the drag loads, and this in turn, may affect performance. Consequently, if
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it is necessary to install equipment such as wind driven generators or pow-
er units, spray equipment, dust venturis, etc., streamlining or fairing is
often desirable to avoid serious reduction in performance.

Alterations can affect other flight characteristiecs. Changes in cen-
ter of gravity range, increase 1in drag, and changes in external contour,
for instance, may critically affect the climb, stall, maneuverability and
stability characteristics. Alterations can usually be made to low speed,
high power loading aircraft without seriously affecting their aerodynamic
characteristics. However, the foregoing should be given careful considera-
tion 1f the aircraft has marginal characteristics at the outset.

1.2 CONVERSION OF A PERSONAL TYPE AIRPLANE TO ONE FOR AGRICULTURAL USE

"Beveral of the sections of this manual contain information deseribing
in general terms methods for converting personal and other available air-
craft for use as agricultural aircraft. These sections describe some of
the current successful practices being used to install hoppers, tanks, etc.
In installing such equipment, it 1s often necessary to modify the struc-
ture, adding or removing members, cutting holes, etc. BSuch modifications
are usually called alterations.

Structural alterations are not always simple problems. In most cases,
however, methods for accomplishing structural alterations and workmanship
standards can be found in CAM 18 "Maintenance, Repair, and Alteration of
Certificated Aircraft, Engines, Propellers, and Instruments” and Navy or
Air Force Technical Orders for the particular airplane involved. Where
there is doubt as to the method of accomplishing the alteration CAA per-
sonnel {agents, engineering representatives and the regional engineering
branches) are available to provide necessary information and, assistance
without charge. Copies of CAM 18 may be obtained from the Superintendent
of Documents, U. S. Government Printing Office, Washington 25, D. C., fer
$1.25 per copy. Copies of many of the Air Force and Navy Technical Orders
are on file or are available through the regional offices of the CAA.

In the preliminary stage of any project, 1t is best to take stock of
what is wanted and what has to be done to accomplish the desired results.
A well planned job will prevent many changes and delays.

Since personal aircraft have not been specifically designed for the
needs of agricultural category aircraft, suggested steps to follow in the
selection of an airplane and in the determination of typical conversions
are given below for your guidance.

}.20 Ideal Characteristics of an Agricultural Airplane. An ideal air-
plane for agricultural use would embody the following features:

(a) High pay load in proportion to gross weight.

{b) Short landing and take-off distance with full load.

(c) High maneuverability.
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(d) Slow speed for spraying or dusting (40 to 60 mph) with a higher
cruising speed (100 to 150 mph).

{e) Unrestricted visibility forward; laterally and downward. {See sec-
tion 7 of this manual for further details.)

(£f) Rugged construction, particularly in the landing gear, to permit
continuous operations from rough fields.

(g) Low operating and maintenance costs.
(h) A high degree of safety and dependability.

(i) All parts resistant to corrosive action of sprays, dusts or other
chemicals. ’

() Favorable aerodynamic design (smooth airflow characteristics) to
permit maximum uniform disposal of spray or dust.

(k) Adequate reserve power for emergencies.

(1) Goed flight characteristics when flying low, diving, climbing, and
turning, and at low speed.

{m} Easy and convenient operation of controls to enable the pilot to
perform other duties such as operation of cutoff valves, hopper gates, etc.

1.21 Selection of an Airplane for Modification Purposes. A completed
airplane 1is in many ways a compromise of knowledge, experience, and de-
sires. The airplane design is also the result of a compromise between aer-
odynamic and structural efficiency. These compromises are necessary to ob-
tain the operating characteristics desired. After reviewing the above
standards for an 1deal agricultural airplane, it will be realized that all
these conditions are not available i1n any single personal type airplane.

Current models will have some but not necessarily all of these charac-
teristies and 1n selecting a particular airplane some compromises must be
made to obtain the airplane which most nearly meets the need and requires
the least expenditure to modify.

1.22 Suggested Procedure for Conversion of a Personal Type to an Agri-
cultural Type Airplane. (a) Determine what is desired.

(1) Dusting equipment installation

(2) Spray equipment installation

(3) Combination of (1) and (2)

(4) Pay load (hopper or tank capacity)

(5) Engine change

(6) Increase in gross weight

{(7) Change in flight characteristics

(8) Modification of landing gear

(9) Change in geometric configuration of the fuselage

(b) Determine design of hopper or spray tank.
(c) Determine design of hopper ventur:i or spray boom.

NURISH O 51 -
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(d) Determine structural modifications necessary for hopper or spray
tank installation and how te accomplish.

{(e) Determine power source for pressure pumps or agitators, that is,
whether the power source will be taken from the engine or a wind-driven
un:it.

(f) Determine location and installation of agitator or pump power
unit.

{g) Determine location and installation of spray booms.
(h) Determine materials to be used.

(1) Check weight change.

(j) Make a preliminary weight and balance check.

(k) Check the alteration for flight characteristics.

(1) Check the conversion for cost.

1.3 GERERAL RULES FOR PROPER ALTERATION OF THE AIRCRAFT STRUCTURE

This manual will concern itself mainly with alterations involving the
installation of dusting, seeding and spraying equipment. It is not within
its scope to cover all possible_ alterations that may be contemplated in the

field; consequently, the manual will be restricted to general considera-
tions only.

1.30 Reinforcement of Open Bays in Primary Structure. When structural
members are removed thus forming open bays, reinforcements are necessary to
restore the airworthiness of the airplane. An open bay is a sguare or rec-
tangular opening without cross-diagonal bracing members. A typical open

bay CDHI is shown below in Figure 1-1. Bays ABFG and DEIJ are closed
bays. |

As a precautionary measure we repeat again that every structural mem-
ber of an airplane is designed to carry and distribute the specific loads
imposed upon it in the airplane’s origiral intended operations. Whenever
one of these members has been removed, additional loads are imposed upon
other members which were not designed for these additional loads and the
original continuity of the structure is destroyed. When it becomes neces-
sary to remove a structural member, it is most important that the continu-
ity and original distribution of loads be restored by adding reinforcements
or installation of additional members.

A ] G D
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Figure I-1. —Open Bay in Primary Structure (see l.30}
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When a diagonal member is removed, such as B-H in Figure 1-1, result
ing in an open bay, it may be possible to restore this bay to its original
airworthiness condition by adding diagonal members as shown in bay CDHI of
Figure 1-2. The open bay will usually be restored to its original strength
if the diagonal members are made of the same gage allovy and size tubing as
the tube removed.

NS /NS
| ZU . N AZ
L‘ A = N[

Figure 1-2.-—Réinforc1ng Open Bays (see 1.30)

Open bays of small dimensions have been satisfactorily restored, as
shown 1n Figure 1-3. In such cases sheet metal or tubular gussets are added
at each corner of the open bay. These chrome-moly steel (SAE 4130} sheet
metal gussets are usually of the triangular, one-piece design or are folded
into a "U" shape with the apex of the triangle being the open end. A sheet
or tube thickness of about .035 has been satisfactory in most cases. Both
of these types are then welded to the two tubes forming the corner of the
open bay. This type of alteration can generally be made in the top or bot-
tom trusses of steel tubular fuselages, but should -be made in side trusses
only where the alteration 1s thoroughly checked for adequacy.

A 8 G D
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Figure 1-3. —Reinforcing an Open Bay of Small Dimensions (see 1.30)

.31 Cutting Holes in Stress Skin Structures. If possible, the cut-
ting of openings in stressed skin structures should be avoided. If this
1s not. always possible or practical, the edge of the opening should be
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reinforced to maintain the original strength of the basic structure adja-
cent to the cutout. For relatively small openings, such reinforcement could
logically consist of a doubler plate extending completely around the open-

ing. The dimensions of the plate and the number and.size of rivets can be
obtained from CAM 18 or similar repair manuals.

1.32 Changes to or Removal of Stringers or Rings. If possible, avoid
cutting stringers, bulkheads or bulkhead rings. If this cannot be avoid-
ed, equivalent reinforcements should be added to avoid any reduction in
strength. It is often desirable to contact the aircraft manufacturers or
the local CAA engineering representative or Engineering Branch for their

assistance prior to undertaking any extensive modifications to stressed-
skin structures.

[.33 Installation of Power Units for Pumps and Agitators. Wind driven
power units operate pressure pumps, mix spray materials, prevent dusting
materials from packing, and feed these materials into the dispensing throat
or spray boom at a uniform rate. Sometimes the airplane engine is the
source of power, but usually external wind-driven units are used. All power
units should be of rugged construction to minimize failure and servicing.
Essential principles of design and installation are outlined below:

1.330 WIND-DRIVEN UNITS. The propellers of wind-driven units often
fail and the flying blades slash through anything 1in their path. Accord-
ingly, wind-driven units should be located so that the plane of the propel-
ler disc does not intersect any portion of the pilots cockpit unless a pro-
tective strip of metal or other material is placed between the propeller
and the cockpit. In addition, if at all possible, the plane of the propel-
ler disc should not intersect the fuel tank, fuel lines, o1l lines, or hy-

draulic lines. Metal propellers have been particularly hazardous in this
respect.

A sheet of .032 heat treated aluminum alloy 248 or 758 material or
1/4-inch plywood or equivalent will wusually furnish adequate protection
against blades from power unit propellers.

1.331 WIND-DRIVEN UNIT CONTROLS. Means for interrupting the power out-
put should be located as near the unit as possible. Probably the most sat-
isfactory method of accomplishing this is by means of a manually operated
rotor brake. Thus, by stopping the rotor, the output of the unit is stopped.
This brake performs two functions, one to control the power output for
dusting or spraying needs and the other to stop the unit in case of fail-
ure. Under no load conditions, this would prevent over running of the unit

which might cause complete disintegration of the power unit and extensive
damage to the airplane.

Means of stopping the unit is particularly important for gear type
pumps as the pump will seize if operated dry. The centrifugal type pump
usually will not seize. However, when the centrifugal type pump is not
pulling a load, the fan will over run and possibly throw the blades.
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1.332 WIND-DRIVEN GENERATOR POWER SOURCE. If the power unit is a wind-
driven generator, additional precautions are necessary. Refer to Section
5.4 of this manual, "Electrical Installations."

1. 333 POWER UNITS LOCATIONS. Wind-driven power units should prefer-
ably be located where extensive damage to the airplane will not result in
event of failure of 1ts propeller. The underside of the fuselage is a de-
sirable location. In this location an installation can usually be made us-
ing the fuselage or landing gear structure for support. In some cases in-
stallation has been made or the wing lift struts. Precaution should be
taken in making installations of this latter type since vibration from the
power unit in operation or as a result of a partial failure may cause fail-
ure of the lift struts or wing. The power unit in these cases should be
installed as near as possible to the lower end of the strut, but may also
be installed at the jury strut attachment. Usually, 1installations should
not be made on the strut if other locations are available.

1.334 ADAPTATION OF AUTOMOBILE ENGINE FANS. The use of automobile en-
gine fans require certain precautions. Usually, automobile engine fans are
not designed for the high speeds obtained when installed on an.airplane. In
all cases, a sturdy fan should be selected. It may be necessary to rein-
force the blade attachment by replacing the fan blade attachment rivets
with high shear aircraft rivets. In some cases additional rivets may be
necessary. Any "automobile” bolts in the fan should be replaced with air-
craft bolts. The bolts should be safetied.

1.4 ATTACHMENT OF HOPPER OR TANK TO PRIMARY STRUCTURE

(See section 2.30 for suggestions on design of hoppers and tanks and
section 2.304 for information on method of determining hopper c.g.)

Hopper loads or tank loads should be carried as directly as possible
to the fuselage panel points (the points where structural members inter-
sect). This can be accomplished by proper location of the attachment fit-
tings. In some cases 1t may be necessary to transmit the hopper loads
through supporting beams and from these to the panel peints. Hopper or tank
loads should be carried to as many panel points as possible. Avoid concen-
trated loads 1in the mid-span of longerons or other members of the primary
structure unless suitable reinforcements are made. Strength should be pro-
vided in hopper attachments for downward, upward, forward, and sideward
acting loads. Figure 1-4 shows representative methods of transmitting hop-
per or tank loads to the panel or tube intersecting points. Do not drill
holes in fuselage members and avoid welding in mid-span of members.

A simple means. of suspending the tank or hopper and at the same time
taking full advantage of load distribution would be to attach wood or metal
strips to the side of the hopper to act as bearing strips. These bearing
strips which will ride on top of the longerens should run the full length
of the hopper. Other strips should be long enough to transmit side, fore
and aft, and up loads to the side member without overloading them locally.
In some cases, 1t 1s not possible to make these strips continous since
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RECOMMENDED LOCATIOR OF
VERTICAL SUPPORTING LUGS, SUSPENSION BY WOOD
BRACKETS, STRAPS, ETG. BATTEN OR ANGLE STRIPS
‘f
E‘_..---;-v.v----.t--

L1

WHEN USED— LOCATE STRAPS FOR FORE AND AFT LOADS
AS NEAR TUBE INTERSECTION POINTS AS POSSIBLE

Figure 1-4, —Fopper or Tank Installation (see 1.4)

fuselage structure members would interfere. In the above illustration ver-
tical load 1s distributed to three panel points per side; three supports
per side are considered good, but the more supports the hetter. If only

two panel points were accessible, the bearing strip method would be pre-
ferred.

As indicated in Figure 1-4, the hopper or tank should also be support-
ed in the fore and aft and lateral directions (see discussion under Pilot
Safety Items, section 4). This is sometimes done by using several straps
or lugs to attach the hopper to the vertical members of the fuselage struc-
ture. This method 1s satisfactory 1f such attachments are made near the
longerons. Mid-span attachments should be avoided. Other means such as
using cables and turn buckles and webbing are also satisfactory, but care
should be taken to provide adequate strength for flight conditions as well
as minor crash conditions. Section 4 1in this manual contains information
on the loads that may be expected in minor crashes as well as the direction
in which these loads may be expected to act.

1.5 BOOM INSTALLATION

Spray booms are usually located spanwise and relatively close to the
lower wing of biplanes or to the wing of low-wing monoplanes. In some cases
this is approximately 9 inches. In high-wing monoplanes the boom is usually
installed spanwise and at an angle with reference to the wing. The boom
extends from the tank connection up toward the wing tips. Line sketches of
these installations are shown in Figure 1-5.

The boom pipes are generally suspended from the wing spars, utilizing
either the front or rear spar. When two spar construction is used, booms
are sometimes connected to both spars as shown in the Figures 1-6 and 1-7.
The spray booms are usually suspended at only four points. Sketches show-
ing typical boom installations are i1llustrated in Figure 1-5.
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Figure 1-5. —Spray Boom Installation (see 1.5)

3/16" PLYWOOQD BLOCK
GLUED TO SPAR

%a
\/

METAL TUBE>/
Figure 1-6.—Attachment of Snray Boom Supports To Wing Spars (see 1.5)

FRONT REAR
SPAR SPAR

/—HANGARS——\

FSUSPENSION ARMS

Figure 1-7.-~Typical Spray Boom Installation Supported by Front and Rear Spars {see 1.5)
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Installation of hanger straps attached to wood spar by glueing has
been found satisfactory. This has been accomplished in Figure 1-6 by using
3/16" plywood blocks with pre-fabricated metal plates of .040 inch material
with a tube welded thereto and assembly riveted to the plywood block. The
block is then glued to the face of the spar. The spray boom is usually
bolted to the tube for easy removal. Such hangers may be put on both spars
by suspending the spray boom between the two hangers. Figures 1-6 and 1-7
illustrate typical installations of this type.

When wing compression members are bolted to the spar a plate similar
to that described in Figures 1-6 and 1-7 can be used and may be bolted to
the spar using the compression member bolts. The plywood block is not used
in this case, but the metal plate should be the same or greater thickness
than that of the washer removed. This plate is installed on the forward
face of the front spar and rear face of the rear spar in order not to

change the compression member. Please note: do not drill new holes in the
spar of these installations!

Booms installed inside the wings with only the nozzles protruding
through the wing covering can also be installed in this manner.

1.6 CORROSION PROTECTION

Practically all chemicals used in dusting and spraying operations are
corrosive by nature and hasten deterioration of fabric, metal, and wood. It
is essential to safe operation that precautions be taken to prevent corro-
sion and deterioration of wood, metal, and fabric. Cleanliness of the air-
plane is one of the most important precautions of all. If it were practic-
able and feasible to clean the airplane thoroughly, that 1is, give it a
thorough washing 1inside and out after each day’s work, probably no special
corrosive preventative measures would be necessary. Since this thorough

daily cleaning is not practicable, the following precautions should be
taken:

(a} All fittings and metal structure should be covered with two coats
of zinc chromate primer, paralketone, or similar materials. This coating
should be applied to items such as wing-root fittings, wing-strut fittings,

coptrol-surface hinges, horns, mating edges of fittings and attach bolts,
etc,

{b) Non-stainless steel control cables should be coated with paral-
ketone or other similar protective coating, or should be replaced with
corrosion-resistant cables. '

{c) Periodic inspection should be made of all critical portions of the
aircraft structure. Structural parts showing corrosion should be cleaned
and refinished if the corrosion attack 1s superficial. If the part is
severely corroded, it should be replaced with corrosion-proof parts.

(d) Provision for additional inspection openings should be made to fa-
cilitate easy inspection. Experience has shown that access openings to
permit ready inspection of lower and rearward portion of the fuselage are
particularly desirable. These openings are in addition to the openings
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which are normally required to permit access to the wing and control. sur-
face hinges and attachment fittings.

{e) Additional provision for drainage and ventilation of all interiors
should be made to prevent collection of moisture.

(f) At the time of recovering both metal and wood airplane structural
members should be coated with zinc-chromate primer (two coats}, followed by
dope-proof paint or wrapping with cellophane tape.

(g) Interiors of metal covered wings and fuselages should be sprayed
with an adherent corrosion inhibitor.

{h) Exterior surfaces should be washed with clear fresh water at least
once a week., Interior surfaces should also be washed, taking care to pre-
vent damage to electrical circuits or other items subject to malfunctioning
due to moisture.

{i) Openings in the wings, fuselage, and control-surface members, such
as tail-wheel wells, openings for control cables, etc., should be sealed as
completely as possible to prevent entry of dust or spray.
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2.12 Civil Aeronautics Administration's Approved Dusting and Spraying
Equipment Installation. Various persons, aircraft manufacturers, and other
organizations have developed dusting and spraying equipment suitable for
installation on available aircraft. The CAA has, in many cases, approved
specific kits which, in general, include all parts and installation instruc-
tions necessary to readily convert available aircraft to a duster or spray-
er. These approved kits have been checked aerodynamically and structuratlly
by the CAA .and may be installed without adversely affecting the airworthi-
ness of the aircraft in a dangerous manner. CAA approved kits will be
found listed in the particular aircraft specifications issued by the CAA
for each aircraft model. Copies of these specifications may be obtained
without charge from your local CAA Aviation Safety Agent or by writing to
the CAA, Washington 25, D. C.

2.2 DISPENSING EQUIPMENT

In many instances commercial equipment to do the required job may not
be available and some operators will choose to design their own equipment
or modify commercial equipment to suit their needs. There are many factors
which should be kept in mind when attempting to convert a commercial unit
which has been specifically designed for a particular airplane, for use on
another model airplane, or constructing a completely new design. The data
presented here will, 1in general, be applicable to either new or revised in-
stallations,

The geometric design of dispensing equipment should be accomplished
taking into account the information in the "Structural Changes" part of
this manual; means of supporting equipment are discussed in that portion of
this manual. Structural design of the equipment, tanks, spray booms, etc.,
are covered, in general, in the following sections. ‘Structural design of
the dispensing apparatus concerns two major 1tems; these are, structural
ability to satisfactorily carry the anticipated leoads, and preventing leak-
age of fluids or dust thereby protecting the pirlot against noxious dust and
liquids as well as from fire hazards. General considerations covering
structural design problems commonly encountered with dispensing equipment
are as follows:

2.3 DUSTING EQUIPMENT DESIGN

Dusting equ1pment usually consists of the following major components:
a hopper a venturi, an agitator system and a valve. The structural design
will in general be determined from the materials and equipment available.
However, certain precautions or good practices should be followed.

2.30 Hoppers.

2.300 MATERIALS. (a) The hopper can be made from practically any mate-
rial available. Hoppers have been constructed of aluminum, stainless steel,
galvanized sheet, plywoed panelling, and even canvas. The capacity and
general design of the hopper i1n most cases will determine the thickness of
the construction material and just how much reinforcing in necessary. The
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Dispensing Equipment Design Criteria
2.0 GENERAL

2.1 SOURCES OF INFORMATION ON EQUIPMENT DESIGN

2.10 Department of Agriculture. The Department of Agriculture, in re-
cent years has devoted much effort to the development of dusting and spray-
ing techniques. Forest pest control, seeding, dusting, weed control,
spraying, etc., have all been studied extensively. The Department of Agri-
culture has thus developed both equipment and techniques for various agri-
cultural applications. Detailed descriptions of spraying and dusting equip-
ment and installations are available on request from the Department of Ag-
riculture. They will also supply information on request as to techniques
of using the recommended equipment. Inquiries should be addressed to:

Bureau of Entomology and Plant Quarantine
Agricultural Research Administration
United States Department of Agriculture
Washington 25, D. C.

Publications which have been issued by the Department of Agriculture
of interest to crop dusting and spraying operations include the feollowing:

"Equipment for Dispersing Insecticides from Aircraft”

"Equipment for the Dispersal of DDT Insecticides by Means of Aircraft”

"Spray Equipment for a Stearman N2S Airplane”

"Aircraft for Spraying and Dusting”

"A Hopper and Mechanism for Distribution of Baits and Dust by Air-
planes for Insect Control” '

"The Use of Aircraft in the Control of Crop Pests”

"A Bibliography of the Use of Airplanes in Insect Control from 1922 to
1933"

"Machinery for [usting Cotton"
"Suggestions Regarding the Use of DDT by Civilians"

2.1l Periodicals—Manufactures of Insecticides—State Universities.

The following articles are also recommended for general information on crop
dusting:

"Crop Dusting from Cubs" by F. H. Ponish, Aviation Maintenance maga-
zine, October 1945,

"Insect Spraying for Profit" by Robert C. Blatt, Aviation Maintenance
magazine, December 1945

Manufacturers of dusting and spraying materials as well as various
avration assoclatlons have made extensive studies in this field and will be
willing to provide you with information upon request. Many of the Agricul-
tural Colleges of the State Universities conduct extensive research of
spraying and dusting equipment. JIn this respect 1t 1is suggested that you

contact your State Department of Agriculture for information and publica-
tions.
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general comments on corrosion protection of section 1.6 should be taken
into account in the design and construction of the hopper.

Thickness or gauges of material which have been used and found satis-
factory are: :

(1) 24 ST aluminum .040 to 062 inches.
(2) Stainless Steel and Galvanized Sheet .035 inches.
{3) Plywood (3 ply spruce or equivalent) 1/4 inch.

{4) Canvas—this . material 1is not usually recommended, but i1f used
special precattions should be taken to provide adequate reinforcing struc-
ture to take fore and aft and side loads. Any one of several good grades
of heavy canvas duck material can be used.

2.301 REINFORCING OF HOPPERS, Stiffening angles or "T's" should be
used on at least the front and rear face of the hopper. Reinforcements of
this type arec also recommended for the sides of the hopper. The material
and size of angle can be determined from its construction. The use of
stiffening angle or "T's" of 1" x 1" x 1/8", 24 ST material will be found

satisfactory 1n most cases.
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Figure 2-1.—Reinforcing Sides of Hoppers (see 2,301}

_ 2.302 HOPPER SEAMS.: (a) Many different types of seams such as welded,
riveted or bolted seaims may be satisfactorily used. Since most hoppers are
of odd shape design the most practical seam may be one using a corner angle
with the sides riveted to it as in the sketch (Figure 2-3). Such use of
the angle will also provide vertical stiffness. In these cases it has been
found that 1" x 1" x 1/8" 24 ST aluminum angles using a double row of
alternately spaced 1/8 Al17 ST rivets have been the most widely used.

Figure 2-2. —Full Fell Interiocking Seam (see 2, 302)
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Figure 2-3, —Angle Reinforced Corner (see 2.302)

Where it 1is necessary to splice a sheet the lap joint or full fell
seam can be used satisfactorily, Figure 2-2. For the lap joint a double
row of staggered rivets should be used. The full fell seam may be found
satisfactory without riveting where a generous application of stiffening
angles has been used. However, riveting those seams is recommended.

All joints or seams should be made sufficiently tight to prevent leak-
age of dust. This is important for pilot safety and cleanliness of the air-
plane. Sealing compounds will help assure joint tightness but they add no
strength. Any one of several methods could be used to provide a tight
joint.

(1) A well riveted joint using two rows of alternately spaced rivets
will be sufficiently tight to prevent leakage of dust. However, further
precaution may be taken as in items (2), (3), and (4) below.

(2) The seam may be leaded using a torch or soldering iron after con-
struction,

(3) Fabric reinforcing tape may be doped to the inside or outside of
the corner of seam or both.

(4) Sealing compounds such as those used in the sealing of seams in
gas tanks may be used satisfactorily.

2.303 HOPPER DOORS (LOADING DOOR). {(a) The loading door construction
is very important and consideration should be given in the design to the
pilots' protection and efficient hopper loading. The door should be sturdy
with positive locking features. It should also be designed air tight. The
top of the hopper may be curved and faired in as part of the airplane. In
this manner no auxiliary fairing for aerodynamic reasons is necessary and
it facilitates loading since it is necessary to open only one door. For

convenience let us list here the main items of the door that should be con-
sidered,

(1) Door Size—The door should be of adequate size and be located in
the top of the hopper, to facilitate and expedite loading procedures.
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(2) Sturdy Construction—The door should be well built to take the
hard treatment that will be given it by the loaders in opening and closing
the door. A well built door will eliminate a great deal of the troubles
generally experienced with doors being difficult to close properly.

(3) Hinges--Various types of hinges are used, their strength not being
a major consideration, since the door does not carry heavy structural loads.
Care should, however, be exercised in the selection of door hinges since
the failure of these hinges could result in serious damage to the airplane
or injury to the pilot. If practical, the hinges should be installed on
forward side of door so that the air stream tends to clese the door.

{4) Positive Latching Mechanism—~This is important since many near ac-
cidents have occurred due to the door coming open on take-off and in flight.
The latching mechanisms should be simple and easy to .operate. Many types
of fasteners are used such as a winged dzus type fastener, an over center
latch commonly known as a suitcase or trunk latch, a cam actuated bolt
latch or many others which can be easily and readily operated.

(5) Door Seals—Provide a seal around door which will prevent leakage
of dust.

2.304 HOW TO DETERMINE THE CENTER OF GRAVITY, VOLUME AND WEIGHT OF A
HOPPER. In almost all cases it 1s essential that the C.G, of the modified
airplane be kept within certain limits. To aid in this and to prevent cost-
ly mistakes, 1t 1s advantageous in the preliminary design stages to know
the approximate C.G. and volume and weight of the hopper. This approximate
C.G. and volume of the hopper will permit calculations of the effect of the
hopper installation on the weight and balance of the airplane.

The C.G. and volume can readily be calculated for square or rectangu-
lar design, however, many hoppers are odd shaped due to the configuration
of the available space in the airplane. For preliminary design purposes
complex calculations usually are not necessary, close approximations being
sufficient. The following examples cover most cases usually encountered.

For the symmetrical hopper it will be noted that the empty and fully
loaded hopper C.G. will be identical, but in non-symmetrical designs the
partial loaded C.G. will usually differ from the empty C.G., in which case
it may be advisable to also compute the C.G. of a partially loaded hopper.

In all cases, only the horizontal or fore-and-aft C.G. will be consid-
ered since airplane loading restrictions are based on the fore-and-aft C.G.
locations, the vertical locations not being considered because of their
small effects on performance and strength.

2.3040 Square or Rectansular Design. The horizontal C.G. of a symmet-
rical designed hopper or tank is the center of the top line of the side of
the hopper or tank. In the case of the symmetrical hoppers in Figure 2-4,
as long as ABCD is either a square or a rectangle and CE andFD are
equal, the horizontal C.G. is the middle of line AB.
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Figure 2-4. —Symmetrical Hopper c.g, Computation (see 2.3040)

The volume and weight of each of these containers are determined in
the same way so only one example will be given. Assume that the dimensions
of the symmetrical rectangular container are as shown on the above sketch.
The side of the container is divided into parts which are easily calculated.
Next divide the lower portion of the container into two triangles and a
rectangle as shown. The dimensions can be calculated or measured from a
. scaled drawing of the proposed design. The volumes are then computed as
follaows:

Area of the side panel is:

Area of ABCD = 36" x 25" = 900 square inches

Area of CEX = lé——%—lé = 08 square inches
Area of XYEF = 8 x 14 = 112 square inches
Area of YFD = lé—%*lé': 98 square inches

Total area of Side panel = 1208 square inches
This multiplied by the width gives the volume in cubic inches.
1208 x 30 = 36,240 cubic inches.

The volume in cubic inches multiplied by the weight per cubic inch of
the insecticide or dust to be used will equal the weight of the hopper or
tanks contents.

To convert this volume into cubic feet, we divide 36,240 by 1728

which 1s the number of cubic inches 1in a cubic foot. The’ volume in cubic

feet is then E%‘%%% = 20.97 cubic feet.
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desirable to know how much it will hold and how much it will weigh. This
can be readily determined by mult1p1y1ng the total area calculated in part
(6) above by the width of the container. For this problem let’s assume the
hopper -to be 30 inches wide. The volume then becomes 837.5 square inches
from item (6) above x 30: inches = 25,125 cubic inches. The weight will be
the volume multiplied by weight of the contents in pounds per cubic inch.

2.3042 Any Shape Design (Simple Xethod). A simple and quite accurate
method of finding the center of gravity position of a hopper 1s as follows,
A full-scale template of the side of the hopper is made by laying out or
drawing to full-scale a side view of the hopper on a piece of cardboard,
plywood or metal and trimming along the outside lines. The center of grav-
ity of the loaded hopper will lie at the center of gravity of the template
and can be found by finding the place along the upper edge of the template
where the template will hang in the same position as that of the hopper in
the airplane., To locate this place first suspend the template by holding
its upper edge between your fingers. Once the place 1is found where the
template hangs in proper position, check the position accurately by substi-
tuting a loosely driven nail or small pin for your fingers. The center of
gravity of the template and of the full hopper will lie on a vertical lime
passing through the suspension point and the horizontal position_of the
hopper C.G. will have been located. If the vertical position of the C.G.
is to be found, the same procedure may be used except one of the side edges
should be used as the pivot edge. As before, the C.G. will lie on a line
directly under the new pivot point and the point where the first line found
crosses the second line will be the ceater of gravity of the loaded hopper.

2.31 Agitators. The agitator performs an important function in feeding
the dust into the venturi vent at a uniform rate. The agitator and its
installation should therefore be of rugged construction to eliminate many
of the troubles encountered. (Refer to section 1.6 for corrosion prevention
information}, Mechanical troubles are, however, usually minor except for
the possibility of fires. It is possible to ignite sulphur dust and proba-
bly others by sparks which will be generated if a steel or other ferrous
metal blade strikes the sides of the hopper or any small piece of metal
such as pieces of wire, bolts, nuts, etc. that invariably get into the
hopper.- Friction created by a poorly aligned bearing installation will
create sufficient heat in some cases to cause a fire. A poor bearing in-
stallation in connection with an agitator that flexes under load will also
require an excessive amount of power to operate. The following items are
suggested for consideration in the agitator construction and installation.
(For information on the agitator power unit see Section 1.33.)

1. Use non-ferrous metal blades to reduce spark hazard.
2. Use sealed bearings or make provision for lubricatien.

3. Support the bearing installation in the sides of the hopper as well
as possible.

4, Securely attach agitator blades.

5. Properly align bearing and agitator shaft installation.
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2.32 VYenturi, A device called a venturi is usually used to mix dust
from the hopper with a large amount of air, thus obtaining a uniform and
wide distribution. The venturi’s action 1s to produce a rapid flow of air
and a low pressure area at its minimum cross sectional area. To obtain the
best dust mixing and flow characteristics, the hopper opening should be at
the minimum cross section of the ventur. Although the venturi is primarily
designed to spread the discharged dust in the most satisfactory manner it
must also be considered from both a structural and an aerodynamic point of
view. We will not attempt to discuss further, in this publication, the
most effective types of venturies. We will, however, outline some struc-
tural and aerodynamic considerations in the following items.

2.320 DESIGN. It was pointed out in section 1.1l that a protrusion or
changes in the geometric configuration of an airplane will change the air-
flow characteristics about the plane and may increase the drag loads and
reduce the aerodynamic efficiency of the design. The venturi will work only
if it protrudes into the 2irstream, therefore, it will have a real effect
on the aerodynamics of the airplane. Since it is necessary te have the
venturi as a dispensing means, we should strive to keep its effective drag
as low as possible and, thus, its effects to a minimum. This can usually
be done by keeping its size as small as possible and using a clean design
and avoiding abrupt changes in contour.

A generally satisfactory design which has been used quite extensively
has a straight top surface and an airfoil section for the lower surface. A
cross sectional view of this venturi is shown in Figure 2-6.

Figure 2-6.—5ketch of Venturi Cross Section {see 2.320)

A common error in designing the lower surface is to form the airfoil

sectlion by riveting two sheets of metal together at the leading edge as
shown below:

ﬁj"_\\

— A
> ¥y

Figure 2-7.—Poor Venturi Leading Edge Design {see 2.320)

The sharp edge at the leading edge acts as an obstruction to the air
flow which in turn causes an objectionable burbling o1 the air, re-
sulting in excessive drag of the venturi and often in a non uniform dust
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2.3041 0dd Shaped Designs. (a) Determining C.G. by Moments:

o 35" — "
A—— 15" e 20" e
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XT “’""i
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f——28.3"

Figure 2-5.-~—0dd-shaped Hopper c.g. Computation {see 2.3041}

(1) First, a side view of the hopper is drawn to scale.

(2) Divide the side view into right angle triangles and rectangles.
In this example the right angle Triangles are A A' C, CC' E, and D'DF.
The rectangles are A'BCD and C'D'EF. For convenience these rectangles and
triangles are designated by letters (A), (B), (C), (D), and (E) (see sketch
above).

{3) Scale the horizontal sides of the triangles and rectangles.

{4) On the horizontal 'side of the triangles take 2/3 of the length and
layout this distance on the drawing from the acute angles of the triangle.
These distances are the horizontal locations of the centroids or center of
gravity of the triangles, The similar horizontal centroids of the rectan-
gles or squares are of course located at 1/2 the horizontal side of the
square or rectangles.

In this example the horizontal centroid locations are:

For triangle (A), 10" measured from A
For rectangle (B), 10" measured from A’
Triangle {C), 3.33" measured from C
Rectangle (D), 2.5" measured from C'
Triangle (E), 6.66" measured from D.

Since all of our measurements will eventually be made from point (A),
lets compute the horizontal centroid for (E) also from the left. The hori-
zontal side of the triangle is 10 inches, therefore, i1f we substract the
6.66 inches from 10, we have 3.34 inches from point D'.

Y2RING O—31——3

*
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(5) Compute or scale on the drawing the horizontal centroid distance
of each triangle, rectangle or square from some point such as A. To carry
through for our problem these distances would be:

Triangle ’FA) 10 inches

Rectangle {(B) 15 + 10 = 25 inches
Triangle (C) 15 + 3.33 = 18.3 inches
Rectangle (D} 15+ 5 + 2.5 = 22,5 inches
Triangle (E) 15 + 5 + 3.34 = 28.3 inches

(6) Compute the area of each triangle, square and rectangle. The area of
a right angle triangle 1s the product of the sides of the right angle divi-

ded by two, for example, the area of triangle (A) is equal to 1o x 25 _ 187.5

2
square inches, The area of the triangle and rectangles are: .
(A) = 187.5 square inches
(B) = 500 square inches
(C) = 30 square inches
(D) = 60 square inches
(E) = 60 square inches

The total area is 837.5 square inches.

(7) The next step will be to take moments about point A since that is
the point that was selected to take our measurements in (5) above. This
will result in a summation of the moments of the triangles and rectangles
in which our problem was originally divided (see Figure 2-5).

The moment 1s the product of the area times the distance of its cen-
troid .or center of gravity from the point selected about which the moments
are to be taken. The point can be any one of convenience.

€6 with Ref. to.

Area Datun Selected Noment

(A) 187.5 «x 10 = 1875
(B) 500 X 25 = :12500
(C) 30 X 18.3 = 549
{D) 60 ] 22.5 = 1350
{E) 60 X 28.3 = . 1698
Totals 837.5 17972

Total M _ 17972
Total A ~ 837.5 — 21.5"

This i1s the horizontal distance of the C.G. of the container from the
point A originally selected for the problem. Since the container was as-
sumed to have symmetrical or identical opposite sides, the horizontal C.G.
of the container becomes 21.5 inches from point A. If it i1s assumed that
Point A is 12 inches {from the datum of the airplame, then the hopper C.G.
will become 21.5 + 12 = 33.5 inches from the airplane datum. This C.G. 1s
the one used in the weight and balance calculations for the entire airplane.

(8) Only areas and distances have been considered in this problem.
However, it is realized that when the container is laid out on paper it is
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only a 11 1/2 foot height of water will be needed when making the 5 1b.

test,
PIPE P g8'
A OR
1o
TANK

Figure 2-9.—Sketch of Tank Pressure Test (see 2.416)

2.42 Spray Booms. Booms are essentially straight lengths of pipe or
tubing and are of variable size, depending upon the system and the particu-
lar design. One inch aluminum alloy pipe may be used 1f lightness is par-
ticularly desirable, however, other tubing may be used. (ne system we know
of utilizes SAE 4130 steel! one inch .049 gage tubing. The comments on
corrosion contained 1n section 1.6 should be taken into account in design-
ing the spray booms.

The use of round tubing to permit rotating the boom so that the posi-
tion of the nozzle orifices 1i1n relation to the air stream can be varied
will be found beneficial 1n making the installation., The boom pipes are
usvally located spanwise and relatively close to the lower wing of biplanes
or to the wing of low-wing monoplanes., In some cases this is approximately
9 1nches. In high-wing monoplanes the boom is usually installed spanwise
and at an angle with reference to the wing. The boom extends from the tank
connection up toward the wing tips. Line sketches of these installations
are shown in Figure 1-5.

- 2.43 Valves, Nozzles, Quick Shut-off Provisions. Detail design of
nozzles, valves, etc. depends upon the system and ligquid used in spraying.
Shut-off provisions and other control valves should be provided to satis-
factorily control the flow of liquid. Main shut-off valves are essential,
check valves and even hand shut-off valves have been used in the nozzle
installation to prevent leakage when not spraying. By-pass valves are also
used in some systems to circulate the liquid through the tank to provide
agitation, which is essential when suspension or emulsion type sprays are
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Figure 2-8.—Tank Baffle (see 2.413)

2.415 VENTING. An important feature of any tank is an adequate vent
to prevent air locks restricting the discharge flow of fluid. Above all,
for safety reasons, extend the vent to the outside of the fuselage where
all fumes will be carried away from the pilot and possible ignition sources,
particularly exhaust stacks. The air vent in many cases is made from 1 1/8
inch outside diameter tubing fitted to the cover plate discussed in section
2.412 above, A hose is then extended from the tubing up to the upper wing
in biplane design. The vent should be so installed that fumes, under all
conditions, are carried away from the pilot. It cannot be too highly

stressed that all connections and joints must also be made air tight to
prevent leakage.

2.416 TESTING. Pressure testing of spray tanks 1s not absolutely es-
sential but is recommended for safety reasons. This testing will also de-
termine whether the joints and connections are tight and will not leak in
addition to determining any weak spots in the construction. Where spraying
is done with highly volatile and inflammable liquids, or where the tank has
a return line, such as in an engine o1l tank where the fluid is pumped back
into the tank, it is recommended that the tank be tested for a pressure of
5 lbs. per square inch. For other liquids, and where no {luid return line
is used, testing to 3 1/2 lbs. per square inch should be satisfactory.
There are many ways of pressure testing a tank, however, it 1is believed
that the simplest and easiest method is to fill the tank with water and use
“a stand pipe filled with water. A 1 1/8" pipe can be connected to the
venting tube (reference section 2.414) or one adapted to the filler open-
ing. In either case the height of the pipe would be the same. For a 3 1/2
lb. test the height of the water in the pipe would only need be 8 feet and
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pattern. It is recommended that the leading edge of the airfoil section be
as smooth and well formed as that in the leading edge of the wing for opti-
mum performance.

2.321 CONSTRUCTION. As in the case of the hopper, aluminum and steel
are usually used. However, some venturies are, and can be, made from ply-
wood. The information included 1in section 1.6 on corresion protection and
prevention should be considered in the design of the venturi. The follow-
ing materials used for the hopper, 245T aluminum .040 to .062 inches or
.035 stainless steel will also be found satisfactory for the venturi. We
must, however, keep in mind that if we radically deviate from the designs
and sizes 1n common use, reinforcements and thicker materials may be neces-
sary. - Also, flight characteristics may be adversely affected.

Because of vibration, welded joints or seams do not usually hold up
well. They will crack and give considerable service trouble. It has been
found that riveted seams and joints have been the most satisfactory.

2.322 INSTALLATION. It has been found through experience that the
venturi should be installed as close to the fuselage aspossible for mini-
mum drag. The forward throat opening of the venturi must, however, be so
located that it will be 1in an unobstructed air stream. 1f the venturi is
hung too far below the structure, high drag loads will be created. Addi-
tional bracing and heavier attachments will also be required to properly
distribute the loads. The possibility of causing aircraft instability and
control problems is also increased by locating the venturi too far from the
fuselage.

The single compartment venturi 1s usually suspended at the connection
to the hopper opening. On the multiple compartment type venturies, addi-
tional fuselage to venturi attachments or supports are usually necessary.
This type venturi is usually longer and wider at the trailing edge than the
single compartment venturi and for satisfactory installation it should he
supported near the aft end of the venturi in addition to the conventional
support at the hopper discharge connection or forward end.

2.4 SPRAY EQUIPMEKT DESIGN

Spray equipment usually consists of the following major components:
tank, pump, spray booms, nozzles, pressure regulator, spray shut-off valve,
and controls. The structural design and installation will 1in general be
determined from the materials and equipment available, However, certain
precautionary measures and good practices should be followed.

2.40 Tank Installations. Although the geometric design of a liquid
carrying tank may be somewhat different from a dusting hopper the installa-
tion problems will in general be the same. Reference should be made to
section 1.4 which describes how to attach the hopper te the primary struc-
ture. This method is also applicable to tanks since the tank loads should
be distributed to the panel points. It may however be found advantageous
or necessary in many cases to support the tank from the bottom, sides, or a
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combination of both. In any case the loads should be transmitted as direct-
ly as possible to the panel points. This may be accomplished as in section
1.6, or by the installation of a floor which will distribute the loads, or
by legs on the tank tied in at the lower panel points. The tank should also
be adequately supported for fore and aft loads.

Portable tanks are sometimes carried in passenger seats. This proce-
dure is satisfactory only if adequate precautions are taken and 1s not rec-
ommended. A seat structure and the installation 1s designed for specific
loads, normally not in excess of the passenger capacity. Care should,
therefore, be taken not to over load the structure when carrying such tanks.
Reinforcement of the seat and the installation will however permit greater
loads. Proper distribution of the loads is still an important factor in
these cases. The tank should also be securely tied down and vented the
same as 1n permanent installations.

2.4} Tank Construction. General considerations covering tank con-
struction and design are as follows:

2.410 MATERIALS, Tanks should be constructed of aluminum alloy 1if
lightness is particularly desirable. Other materials such as plain and gal-
vanized sheet metal have been used successfully, The comments of section
1.6 concerning corrosion should be taken into account in the tank design.

2.411 DRAINAGE. The bottom of the tank should Be shaped to permit
complete drainage when the airplane is on the ground or in flight.

2.412 PROVISIONS FOR CLEANING AND MAKING REPAIRS. A cover plate ap-
proximately 14" x 8" in the top of the tank to permit access for cleaning
and making repairs is desirable. The tank filler neck and air vent may be
fitted to this cover plate for optimum convenienge. A fine mesh screen-
wire cylindrical strainer approximately 10 inches long provided in the
filler neck and made removable will facilitate keeping the tank clean.

2.413 BAFFLING. Baffle plates should be provided in the tank in both
directions and may be welded or riveted to the tank sides. The baffles can
be of any type which will retard the movement or sloshing of the liquid.
One such baffle design is given in Figure 2-8 on following page.

2.414 SEAMS AND SFALING. The seams of tanks are more c¢ritical than
those of hoppers from a leakage point of view, (see sections 4.4 and 4.5
for hazards due to leakage and section 2.302 for a discussion of hopper
seams). The general comments-of section 2.302 concerning hopper seams apply
directly to tank seams except for the need for paying more attention to
sealing the seams. Sealing compounds or other means similar to those dis-
cussed in section 2,302 are necessary at all seams except bonded or contin-
uously welded seams. In addition, care must be taken to seal around rivets
and bolts and any other holes made in the tank. Welding, although suscepti-

ble to cracking due to vibration, is practical here by virtue of i1ts leak
resistance,
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used. In these cases the outlet of the by-pass line should be below the
surface of the liquid in the tank to prevent foaming.

When gear or other positive-displacement-type pumps are used, it is
essential that a pressure-relief valve be installed to prevent excessively
high line pressure when the spray valve is shut off. A 'centrifugal pump.
will not build up a pressure high enough to damage the spray system but use
of a pressure regulator 1s advisable in order to maintain uniform pressure .
and discharge rate for a given pressure. Rate of discharge is dependent
upon the number of nozzles used. Pressure regulators are recommended in
all installations,

2.44 Pumps. Air and mechanical power driven pumps are all satisfac-
tory and the type used depends upon particular requirements. The most *sat-
isfactory installation is a direct attachment to the fuselage members on
the under side of the fuselage. However, some have been installed on the
side of the fuselage and to the lower end of 1ift struts on high wing mono-
planes. Engine driven pumps in some cases are attached to the engine,
Centrifugal, rotary-vane, and gear type pumps have all been successfully
used. {See section 1.33 for further comments.)

2.45 Cockpit Drainage and Ventilation. Because of the possibility
that some insecticides used in pest control are toxic, 1t 1s essential to
take every precaution possible to protect the pilot and persons handling-
such liquids. The tank installation in the airplane, even though every
precaution is taken in the design, will probably develop . some leaks. It
is, therefore, important that provisions be made for automatic drainage of
any liquid that may be spilled or leak from the tank or other source into
the cockpit. The cockpit should have adequate ventilation with openings
that will provide forced ventilation to assure that fumes from any source
are not allowed to collect in the cockpit. These features not only provide
pilot safety from noxious fumes but are also essential for fire protection.
See sections 4.4 and 4.5 for further discussions of pilot protection and
section 6§ for fire prevention discussions.
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Powerplant Changes

3.0 EFFECTS OF ENGINE CHANGES ON AIRCRAFT STRUCTURE

(a) The installation of a different model engine (of the same or
greater horsepower than the one originally installed) will in most cases
affect the engine mount and the fuselage structure from the fire wall back
to the wing attachments. A change of this sort may also affect the weight
and balance of the airplane.

Usually, the fuselage structure aft of the engine mount, as well as
the remainder of the airplane, will have sufficient strength to support
without reinforcememt most new engines installed provided the original pla-
card level flight speeds are not exceeded. It is of course necessary to
consider changes in engine weight and/or torque on the engine mount and if
the original approved level flight speeds are not exceeded, these changes
are the only items which need be investigated. From a structural point of
view we are able to establish weight and torque increases which, if not ex-
ceeded, will be permissible without structural changes and the structure
may be considered satisfactory without further substantiation. There are,
however, other factors such as engine cooling, carburetor heat rise, propel-
ler installation, oil and fuel provisions, etc., which are covered in the
"Powerplant Installation" section, that may have to be checked.

(b) The structural aspects of an engine installation may be handled in
the following manner:

(1) First make a weight comparison of the original engine installation
and the proposed engine to be installed. If this weight increase is not in
excess of 10% of the standard weight given in the aircraft specifications,
no special substantiation of the engine mount or the fuselage for effects
of the new engine’s weight will be necessary unless the engine mount must
be altered to fit the new engine.

(2) Next compare the torque values of the two englnes This can be
computed by the following formula:

T = 63,000 P/N where

T = torque in inch pounds
P = horsepower of engine (maximum)
N = propeller speed in revolutions per minute

(See example on following page)
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For example:

No. 1 Engine No. 2 Engine
P = 90 HP - 125 HP
N= 2,000 RPM 2,200 BRPM
T 63,000 x 90 63,000 x 125
2,000 2,200
T = 2,835 inch pounds T = 3,580 inch pounds
T, - T, x 100 ) ) .
T = % increase in torque load
1
3,580 - 2,835

9 835 x 100 = 26%

In this example, the 26% increase 1in torque load 1s excessive and
would have to be taken into account in analyzing the fuselage from the fire
wall back to the landing gear or wing attachment. However, where this in-
crease in torque value is less than 20%, no further consideration of the
structure is necessary providing the engine mount is not modified.

(3) If either the weight of the torque exceeds the per cent values
given in (1) and (2) the engine mount and its supporting structure will
have to be checked and the combined effects of torgue and loads from accel-
erated flight maneuvers must be considered in analyzing the mount and the
fuselage structure. Where checking of mount and fuselage structure is nec-
essary the check should include the primary structure back to the first bay
past the wing attaching structure. The local CAA Aviation Safety Agent or
CAA Engineering Representative will be able to help a great deal in reducing
the work necessary to substantiate the airplane for the new engine. A check
of the original margins of safety of the members will generally show.if anyre-
inforcements are necessary. If an analysis is not available, static testing
to limit loads is also an acceptable procedure: for proving the adequacy of the
fuselage carry-through structure. In many instances new and greater powered
engine installations have already been approved for most of the current types

of aircraft. The agent will be able to advise you on how information for these
approvals may be obtained.

(4) The engine mount will also have to be checked from the point of
view of fitting the new engine type. If the proposed engine will fit the
original engine mount, it may be used providing the engine weight and
torque values do not exceed those of the original approved engine installa-
tion by the percentages given in items (1) and (2) above. Should the new
mount be necessary, costly analysis may be eliminated by the following
methods of construction.

Usually the engine mount on the airplane will not accommodate the
proposed engine installation without some modifications even though the
weight and torque differences fall within acceptable limits. In general,
the old mount mmy be used if the geometry of the mount is not materially
changed and the weight and torque limits are met. Drilling new mounting
holes or adding new lugs would not be considered a material change.
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If the old mount will accommodate the new engine but is not considered
strong enough, then a good rule to follow is to use the old mount as a pat-
tern and make up a new mount, using the next larger tube size, i.e., either
larger diameter or greater wall thickness,

One procedure that is always satisfactory is to revise the mount in
the manner considered necessary to accommodate the engine and them static
test to limit load. If you don’t have the necessary information to com-
pute the loads, the CAA Engineering Representative will provide you with
this data. Where extreme modifications eor extensive reinforcement of the
mount are necessary, it 1is recommended.that a new mount be designed. CAA
personnel will be glad to give you assistance and recommendations.

(5) A change in weight of the engines and/or the change in the C.G.
location of the engines will affect the weight and balance of the airplane.
This possibility should be checked by making a weight and balance calcula-
tion, if either the weight or C.G. or both have been altered. Methods of
computing the weight and balance of an airplane will be found in Civil Aer-
onautics Manual 18.
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Pilot Safety Items

§.0 GENERAL

Restricted category aircraft operations are inherently ha_zardoﬁs;
hence pilot safety is of paramount importance. Good visibility and proper
location of instruments and controls are essential. Good ventilation is
necessary so that the pilot shall not be subject to toxic or poisonous
chemicals or fumes. C(rash protection also is of paramount importance. Ac-
cident records and service experience definitely show the importance of the
aforementioned items and these will now be discussed in detail.

4.1 VISIBILITY

Safe operation at very low altitudes and in confined areas necessi-
tates good visibility. Service experience indicates that a large number of
collisions with ground objects could be attributed to poor visibility. The
view forward and down, to the side, and forward and upward should be as
unobstructed as possible. Nose high conditions when taxiing and at low
speeds generally result in poor visibility straight forward. Nose wheel
type aircraft usually afford better forward visibility than tail wheel type
aircraft when taxiing. The vertical position of the pilot's seat also
affects his forward visibility-—it is generally desirable to have the seat
as high as possible. Visibility is also affected by the fore and aft loca-
tion of the pilot. So far as visibility alone is concerned; it is desira-
ble to locate the pilot as far forward as possible., However, this might
possibly result in some sacrifice of crash protection (refer to 4,60 "Cock-
pit Design")}. Balance, of course, must be given consideration in contem-
plated relocations of the pilot’s cockpit.

For new designs, the following visibility limits are recommended:

An unobstructed range of pilot view in an arc of 90 degrees above
and each side of the airplane center line and 20 degrees from the
horizontal down over the nose.

\ These visibility limits should also be attained in old designs, if
possible. Elevation of the pilot to attain better visibility can be accom-
plished by any of several means, to wit: new seat design, extending seat
legs but using same seat, and relocation of seat attachment fittings. The
seat structure should have sufficient strength to withstand the fellowing
loads anticipated in minor crash conditions:

Forward =6 x 170 = 1020#
Upward =2 x 170 = 340#
Sideward = 1.5 x 170 = 255#
Downward = 4.5 x 170 = 765#

" The values of 6, 2, 1.5 and 4.5 are the design load factors anticipat-
ed for a so-called minor crash in the forward, upward, sideward and down-
ward directions.
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.2 LOCATION OF INSTRUMENTS

+ Necessary iastruments should be so located that the pilot can see them
without moving his eyes too far each side from the direction of flight.
Since flying close to the ground means frequent dodging of obstacles, the
pilot must pay most attention to where he is going and instruments should
be located so as to demand as little eye-shifting as possible. If the
pilot’s position is relecated, instrument relocation also may be necessary.
Effort should be made to eliminate unnecessary instruments and indicators.
Obviously, the more instruments there are the longer it takes to read and
identify them. It may be possible to make the instruments more easily read-
able by improving lighting and using contrasting paints. Plain and easily-
read markings showing maximum and minimum permissible operating conditions
are recommended.

1.3 SAFETY BELTS AND HARNESSES

Safety belts or harnesses will help to prevent serious injury to the
pilot in the event of a crash by restraining him relative to the surround-
ing structure. A complete harness which restrains the pilot’s lower body
and his shoulders (and head) provides more protection than a belt alone.
The belt will restrain the pilot in the seat though it may allow his upper
body to pivot forward or sideward in the event of a bad landing or crash.
Safety belts and harnesses which have been approved by the Civil Aeronau-
tics Administration have adequate strength to resist loads from relatively
severe crashes. CAA approved safety belts and harnesses should be installed
and should preferably be new. Used belts and harnesses should be carefully
examined and if found glazed, with ragged edges or poor appearance they
should be replaced with TSO belts. Attachment fittings and their carry-thru
to the primary structure should be as strong as the belts or harness.
Attachment fittings, preferably full swiveling, should be located on the
primary structure and in direct line with the expected direction of pull on
the belt or harness. For example, shoulder harness upper fittings should

be directly behind the wearer's shoulders and should be as strong as the
harness.

4.4 TOXIC MATERIALS, VENTING OF COCKPITS, ETC.

Most spraying or dusting materials are toxic and service records show.
that many accidents can be traced to impairment of pilot’s faculties be-
cause of exposure thereto. Accordingly, if the dispensed materials are
toxic, special precautions should be taken during flight as well as before
and after the flight. In any event, the material manufacturers’ instruc-

tions on handling materials should be studied with extreme care and fol-
lowed carefully.

Special efforts should be made to assure proper ventilation of the
cockpit. Impact or scoop type ventilators are desirable. These ventilators
should be arranged to scoop fresh, clean air ianto the cockpit in large vol-
ume so that the air in the cockpit continually changes. Vents should be
provided so that all the cockpit is supplied with fresh air and no dead air
spaces should be permitted. Often an operator will simply remove doors or
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windows, thus increasing air circulation. This procedure is adequate for
most installations; however, it may not be satisfactory if the dispensed
materiale are exceptionally toxic. (Ref. sub-section 2.45)

4.5 PROTECTION AGAINST TOXIC INSECTICIDES AND PLANT KILLERS

The best protection against toxic materials is to avoid their inhala-
tion or otherwise contacting the body. Ventilation as discussed above is
probably the most effective means for protection. Often the ventilation
provided is not adequate, or may be adequate in the air but not on the
ground. Sometimes the pilot will fly through a previous swath to completely
cover a field. Consideration should be given to the various possibilities
and provision made 1in the design to account for and eliminate as many con-
tacts as possible. The cockpit should be readily cleanable. Tank or hopper
inlets and outlets should be located so as to minimize the possibility of
toxic materials getting into the cockpit as a result of spilling, leakage,
etc. Special goggles, clothing, gloves, etec., may be necessary for the
pilot’s protection. The material manufacturers’ instructions here again
must be followed with extreme care to provide the most protection. The
United States Department of Agriculture requires labels on the containers
to state the contents and toxicity of insecticides. These labels should be

read carefully.

4.6 CRASH PROTECTION

Service records of both agricultural and personal type aircraft show
that relatively minor crashes often result in serious or fatal injuries due
to inadequate crash protection. Installation of extra-strong safety belts
and/or safety harness alone is not sufficient. Typical special precautions.
that may be advisable are as follows.

4.60 Cockpit Design. The cockpit should be the "strong point" of the
structure. The forward portion of the fuselage, wing panels and tail should
have decreasing structural strength away from the cockpit. Cockpit tubing
or other structure should be arranged to buckle outwardly instead of in-
wardly. Special consideration should be given to the design of all struc-
ture within range of the head, and instruments, sharp objects, etc., should
be moved beyond range of the head. Sharp edges should be avoided and rubber
padding should be used where necessary. 1t should be noted that parts and
structure can be crushed in upon the pilot as well as pilot striking parts
and structure due to his motion during a crash. PRudder pedals should be
strong enough to support the feet and the control column should be strong
enough to resist buckling under heavy forward or side loads. Seats should'
be firmly anchored to longitudinal members of the primary structure. Floor
structure should afford maximum protection for the feet.

4.61 Over-all Design. A strong keel or skid or similar additional
structure under the fuselage permits the craft to slide instead of plowing
into the ground in low-angle accidents; otherwise the bottom portions of

$28285 O—>51
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the fuselage may gouge into the ground, causing extremely abrupt decelera-
tions. To prevent the engine from driving into the cockpit, a heavy fire-
wall may be advisable. Fuel tanks should preferably be placed in the wing.
A strong turnover structure should be provided. Landing gear should be
designed to fail prior to failure of structure to which it is attached and
the landing gear travel should be as large as possible for maximum energy
absorption during hard landings. If possible, concentrated items such as
hoppers, batteries, generators, and pumps should be located so that they
will not strike the pilot if they break loose. Also, their supports should
e able to stend lcads to be expected in minor crashes. '

If the weight of an object is "X" then the loads that may be expected
on the object in a minor crash are:

Forward 6 times X
Sideward 1.5 times X
Downward 4.5 times X
Upward 2.0 times X

(The values of 6, 1.5, 4.5 and 2.0 are the design load factors antici-
pated in a so-called minor crash in the forward, sideward, downward and up-
ward directions, respectively.)

For example, calculation of loads likely to act on a battery in a
minor crash is as follows:

Battery Weight = 20#

Forward Load = 20 x 6 = 1204
Sideward Load = 20 x 1.5 = 30#
Downward Load = 20 x 4.5 = 90#
Upward load = 20 x 2.0 = 40#
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Electrical Systems

5.0 SCOPE

The material in this section 1s intended for restricted category air-
craft operators who may have occasion to modify the electrical system in
their aircraft. PRecommended practice in electrical design, installation,
and maintenance 1s presented in broad outline form, based on service expe-
rience with many types of civil aircraft. For additional information and/
or recommendations concerning doubtful aspects of particular electrical in-
stallations, it is suggested that the operator contact the CAA Aviation
Safety Agent, Engineering Representative, or the Aircraft Engineering
Branch of the CAA regional office in his area.

5.1 ELECTRICAL SYSTEM CONSIDERATIONS

5.10 General. Due to the inflammable nature of many materials used in
‘agricultural dusting and spraying operations, special caution is required
in the design, alteration and maintenance of electrical systems so that
electrical ignition of fires is prevented. If improperly designed or in-
stalled, any part of the electrical system, even though it performs a non-
essential function, may start a fire which would endanger the entire air-
plane. Further, malfunctioning of this part might so affect the electrical
system that essential functions cannot be performed. Conseguently electri-
cal equipment which is not essential to the intended operation should be
disconnected as close to the power source as possible.

B.I| Addition of Hew Circuits and Equipment,-

5.110 POWER SYSTEM CAPACITY. Before adding appreciable loads to the
electric power system, it should be ascertained that the power handling ca-
pacity is still adequate. Unrestricted loading of the original aircraft
power sources might lead to electrical system failure under certain operat-
ing conditions, which would be hazardous when safety in flight requires
that electrical power be available for some essential equipment. For gen-
erator battery systems, the generator continuous rating should exceed the
total continuous load by at least 25%, which is usually sufficient to keep
the battery charged. Intermittent loads such as landing lights are not
considered as part of the continuous load.

5.111 CONTROL THROUGH THE MASTER SWITCH. New circuits added to the
electrical system should be connected to the power source in such manner
that the master switch will be capable of interrupting these circuits in
the event of an electrical fault of undetermined origin during flight. (Be-
fer to 5.12).

5.112 PROTECTION FOR NEW CIRCUITS. Either a fuse or a circuit breaker
should be installed in the positive (+) side of all electrical circuits.
They should be accessible during flight for replacement or resetting.
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Circuit breakers should be of the trip-free (non-override) type and should
be as close to the power source as practical. They should be selected so
that they trip the circuit before the wire begins to smoke, in case of an
overload/ or short circuit. Circuits essential to safety in flight should
be provided with individual protection. This will avoid loss of essential
functions due to failure of nom-essential circuits.

5.113 SWITCHES. When separate control switches are installed, due
consideration should be given to the type of load involved. For instance,
in the case of lamp loads, the filaments, at the instant of the closing of
the switch, will take an inrush current of ten or more times the steady
current. The switch used for this application should be rated adequately
to prevent contact welding upon closure. Inductive loads, such as sole-
noids and relays, will cause arcing at the switch contacts when the switch
is opened. Proper choice of switches for inductive loads will minimize
pitting of the contacts, and thereby reduce the possibility of failure.

5.12 Master Switch. A master switch should be provided which can dis-
connect all sources of electrical power in one operation. Thus, the source
for a suspected electrical fire can be disconnected quickly in an emer-
gency. The switch should be located as close to the power sources as is

practicable, for maximum effectiveness, and should be easily accessible in
flight.

B.13 Preventive Maintenance. (a) Frequent inspection of the electri-
cal system, and replacement or repair when deficiencies are found, will go
a long way toward the elimination of fire hazards in airplanes. A suggested
list of items to look for during these inspections 1s given below:

(1) -Damaged or overheated equipment and wiring, or worn wiring insula-
tion.

{2) Poor electrical bonding.

(3) Cleanliness of equipment and connections.

(4) Proper support of wiring and satisfactory attachment to structure.
(5) Tightness of connections and terminals,

(6) Continuity of fuses and circuit breakers.

{7} Clearance or insulation of exposed terminals.

5.2 ELECTRICAL POWER SOURCE CONSIDERATIONS

5.20 General. It should be determined -that the sources of electrical
power have sufficient capacity to supply the electrical loads of the air-
craft for the most unfavorable conditions of operation. The highest level
of safety is provided by a generator-storage battery combination operated
in parallel, since two alternate sources of power are thereby available.
The use of dry cell batteries:to furnish power for essential equipment,
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such as position lights, is not recommended, since no simple reliable meth-
od exists for determining the condition of dry cell batteries before flight.

5.21 Storage Batteries. (a) Storage batteries should be installed in
such manner that,

(1) They are rigidly attached to the structure by means of brackets
and fittings of adequate strength.

(2) Ready ground inspection and servicing is possible.

(3) They are enclosed in a container or compartment to prevent corro-
sive substances within the battery from coming in contact with aircraft
structure.

(4) A vent is provided in the upper part of the battery container or
compartment, and a vent tube installed leading from the vent to a negative
pressure area outside the airplane. If no charging generator is imnstalled,
the vent need not be provided.

5.22 Generators.

5.220 WIND-DRIVEN GENERATORS. Serious accident have resulted from
propeller blades failing during flight and damaging adjacent structure.
Therefore, wind-driven generators should be located so that the extended
propeller disc does not intersect pilot or passenger positions, unless
suitable mechanical protection is provided.

It is advisable to install a fuse or circuit breaker in the main gen-
erator circuit to prevent rapid battery discharge in case of generator con-
trol failure. The fuse or circuit breaker should be rated high enough te
prevent nuisance tripping at normal loads. -

5.221 ENGINE-DRIVEN GENERATORS., It should be ascertained that the
generator to be used 1s suitable for installation on the particular engine
in the aircraft. The generator overhang moment and power demand should not
exceed those for which the engine had been designed, and the voltage regu-
lation equipment should be capable of satisfactory operation over the speed
range of the engine. Information on these points can be obtained from the
engine manufacturer or the local CAA office.

Special care 1s required in the installation of generator cables at
the generator terminal block. Insulation wear brought on by vibration may
cause short circuits which could by-pass voltage control equipment and re-
sult 1n dangerous overvoltage. Heavy insulating tubing and insulated bar-
riers should be used on all generator wiring to avoid this possibility.

5.222 GENERATOR CONTROL EQUIPMENT. (a) Generator controls are provid-
ed to perform all or part of the following functions:

(1) Maintain essentially constant voltage, for operational drive speeds
and generator loads.
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(2) Disconnect generator ifrom the battery when current flows in the
reverse direction, such as dccurs when the engine i1s cut in the case of an
engine-driven generator.

{3) Limit the generator output to a safe value.

This equipment is sometimes mounted within the end-bell of wind-driven
generators. In the case of engine-driven generators, the controls are in-
stalled as a separate unit or units.

Failure of one or more of these control elements can be extremely haz-
ardous, and every effort should be made to obtain a safe installation. Lo-
cations which are well ventilated and have low vibration amplitudes (such
as rigid structural members) should be used for mounting generator control
equipment.

5.3 ELECTRICAL EQUIPMENT CONSIDERATIONS

5.30 General. In selecting aircraft electrical equipment, careful
consideration should be given to the environmental conditions under which
the equipment must function satisfactorily. Many of these conditions, as
listed in section 5.31, are peculiar to aircraft. Vibration in aircraft
has contributed to countless electrical equipment failures. It should be

determined that the equipment wil] not initiate a fire or explosion under-
normal or fault conditionms.

5.31 Environmental Conditions for Aircraft Electrical Equipment. (a)

The following ranges of flight envirommental conditions have been estab-
lished for small aircraft:

(1) Temperature ' -920° to +120°F.
(2) Altitude 0 to 15,000 feet.
(3) Humidity Up to and including 95% at 90°F.

{4) Acceleration (shock) Fuselage and Engines 6.6g. (max.)
Wing and tail tips 24.0g. (max.)

(5) Vibration 5 to 55 cycles per second with a double am-
plitude of 1/16 inch.

5.32 Electrical Cable. FElectrical cable meeting the performance re-

quirements of specification AN-J-C-48 (copper) and AN-C-151 (aluminum) is
satisfactory.

5.320 CRITERIA FOR SELECTION OF CABLE. (a) The selected cable should
not carry continuously or intermittently current in excess of the ampere

values indicated by curves 1, 2 and 3 of Fig. 11-1, "Electrical Cable Chart™
in CAM 18.

2% (h) The voltage drop in the main power cables from the generators or

the battery to the bus should not exceed two percent (2.0%) of the regulated
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voltage, when the generator is carrying rated current and the battery is
being discharged at the 5-minute rate,

(¢} The voltage drop in the load circuits between thg bus and the
electrical equipment should not exceed the values shown in the following
tabulation:

Allowable Foltage Drod

Cont inuous Intermittent

Fominal System Foltage operation operation
14 0.5 1
28 i 2

5.33 Electrical Terminals. Satisfactory terminal attachment is of
primary importance and should be accomplished by the use of proper tools
careful insertion of the stripped cable in the terminal. In general, the
solderless type of swaged or staked terminals should be used, with insulat-
ing tubing placed over the metal barrel.

5.34 Lights

5.340 POSITION LIGHTS. When installed, p051t1on lights should conform
to the standard configuration as herein described. '~ When the airplane is in
the normal flying position a forward red position light is displayed on the
left wing and the forward green position light on the right wing; each
showing unbroken light between two vertical planes whose dihedral angel 1is
110° when measured to the left and right, respectively, of the airplane
from dead ahead. Such forward position lights ghould be spaced laterally
as far apart as practicable. One rear position light should be installed
on the airplane at the rear and as far aft as possible, and should show a
white light visible aft throughout a dihedral angle of 140° bisected by a
vertical plane through the longitudinal axis of the airplane.

5.341 LANDING LIGHTS. Landing lights, when installed, should be =o
installed that no visible portion of the swept disc of any propeller on the
airplane is illuminated thereby. The lights should be so aimed that a min-
imum amount of glare is visible in the first pilot’s seat.

5.342 INSTRUMENT LIGHTS. Instrument lights should be installed in a
manner to preclude direct rays or reflections from interfering with the pi-
lot’'s vision.

5.35 Switches, Rheostats and Other Controls. If switches, rheostats,
circuit-breakers, etc., are installed, they should be located so as to be
easily visible and within convenient reach of the pilot or other member of
the crew. They should be plainly marked to indicate their function.

5.4 ELECTRICAL INSTALLATION CONS]ﬂERATIONS
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5.40 General. It is emphasized that the best defense against the fire
hazards of electrical arcing faults is an installation so protected mechan-
ically that a fault cannot occur. Circuit breakers and fuses, although
they will finally eclear the faulted circuit, will not necessarily prevent
the generation of dangerous sparks.

Special care should be exercised in the electrical system installation
to prevent short circuits due to vibration, insulation abrasion, improper
clearances, detrimental fluids, adverse environmental conditions, etc.

5.4] Cable Runs. Care should be exercised to provide adequate mechan-
ical support for the cable to prevent relative motion between the cable and
the structure. Cables should be supported to prevent excessive droop
between point of support.

5.42 Bonding. If metal parts of the aircraft structure are isolated
from each other by insulating materials, they may accumulate unequal static
charges of electricity. Spark discharges are then possible from one metal-
lic member to another which can ignite inflammable fluids or dusts.

This hazard can be eliminated by bonding (electrically connecting) all
metal parts of the airplane which are normally unconnected to the structure
or which do not make good connection with the structure. Fabricated flexi-
ble jumpers, with terminal lugs at both ends, are available for this pur-
pose. Good electrical contact is important, so that all contact surfaces
should be clean and tight. Lockwashers should be provided to prevent loos-
ening of connections due to vibration.

5.43 Terminal Connections. Loose and dirty electrical comnections in-
crease the resistance at the faulty contact surfaces. When comparatively
high current flows through such connectiofs, local heating and arcing may
result. All connections should be cleaned and carefully tightened upon in-
stallation, and then examined periodically for signs of loosening, dirt
or corrosion. A particularly susceptible connection is the battery ground
connection to the metallic structure.

5.u4 Drainage of Water. The accumulation of water within electrical
equipment due to condensation will accelerate the progress of corrosion,
leading to hazardous faults or malfunctioning. Therefore, adequate means
of drainage should be provided, such as drain holes, drip loops, gaskets,
etc., in all junction boxes, equipment and cable bundles.

5.45 Combustibie Fluids, Yapor and Dusts. A very important safety
consideration is to design the imstallation so as to minimize, by suffi-
cient separation, baffles, etc., the possibility of combustible fluids, va-
pors or dusts contacting electrical units. The installation of each uwnit
carrying or containing combustibles should be examined to determine that,
when it is in normal condition or when damaged, the fluid or vapor it con-
tains will not come in contact with electrical equipment.

Equipment which is subject to sparking during operation, such as re-
lays and motors, should not be located in zones where a combustible atmos-
phere is likely to exist.



{Civil Aeronautics Manual 8 6.0-6.10

Appendix A
Fire Prevention

6.0 GENERAL

Despite most careful precantions taken by operators of crop dusting or
spraying airplane fires continue to occur. In the majority of cases, these
fires are the result of accidents in which the aircraft is damaged and sub-
sequently catches fire. However, fires still occur in the air and on the
ground. Certain precautionary measures which may be taken to reduce these
hazards are given in the following sections.

6.1 SULPHUR DUST FIRES

Sulphur dust as used in sulphur dusting is very combustible. Sulphur
itself has a very low ignition point and is highly combustible when ato-
mized with air which occurs during dusting operations. Also, due to its
excellent dielectric properties, sulphur picks up electric charges readily,
which, under atmospheric conditions of low relative humidity, may result in
combustion. There are actual cases of sulphur igniting when thrown from a
workman’s shovel due to static electricity. Although such occurrences are
rare, they serve as examples of how easily sulphur can be ignited. In the
industrial handling of sulphur (pulverizing, grinding, etc.) every effort
is made to prevent the formation of a cloud of sulphur dust because of the
danger of explosien. In airplane dusting operations, however, reverse con-
ditions exist since, generally speaking, the objective is to form a cloud
of sulphur i1n order to distribute the insecticide widely. Obviously, the
problem of fire prevention in sulphur dusting operations i1s more complicat-
ed than in industry.

, 6.0 Miscellaneous., {a) The importance of using extreme care in sul-
phur dusting operations cannot be overemphasized. Typical causes of sul-
phur fires and representative precautions are as follows:

(1) Dusting with a dirty airplane coated with oil and sulphur dust is
inviting trouble. Aircraft used for spreading sulphur should be kept as
clean as possible at all times.

(2) The engine exhaust system should be maintained free from leaks and
the best grades of lubricating o1l should be used in order to decrease car-
bon formation.

(3) Care should be exercised while loading the hopper in order to pre-
vent foreign matter such as wire, paper, etc., from getting in the hopper.
Such foreign matter may cause a spark or clog the agitator shaft and cause
it to overheat, thus starting a fire.

(4) Smoking in the vicinity of sulphur dust should never be permitted.

(5) Fires which occur while dusting with sulphur usually occur during
conditions of low relative humidity. Relative humidity is usually lowest
during the late morning and early afternoon. Therefore, as a further pre-
caution against sulphur dust fires, dusting should be done only in the
early morning or late evening, preferably during the early morning.
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(6) The throttle should not be opened suddenly except in case of emer-
gency. A sudden blast of exhaust frequently throws sparks from the exhaust
into the dust swath. R

Due to the fact that the pull-up at the end of the field directs the
exhaust downward towards the dust swath, it is also suggested that the hop-
per gate be closed prior to effecting the pull-up at the end of the field
to minimize the possibility of fire. This may reduce the efficiency of the
dusting operations slightly, however, the pilot can always make a trip

across the ends to spread dust on the parts of the field missed by closing
the gate early.

(7) Compartments where dust might collect should be ventilated and be
free of ignition sources such as electrical circuits unless special provi-

sions are made to prevent sparks from short circuits or other scurces such
as unsealed circuit breakers.

(8) The hazards of dusting with sulphur must not be minimized because
of previous favorable experience. Remember, it takes only one act of care-
lessness or inattention to cause a disastrous fire.

6.1 Sparks From the Engine Exhaust. Fires due to hot carbon sparks
from the engine exhaust can, of course, be prevented by keeping the exhaust
discharge and sulphur dust apart. The engine exhaust system should be so
arranged that it will not discharge exhaust gases under or along the bot-
tom of the airplane. Sulphur will ignite at a temperature of approximately
500° ¥F., depending upon its form. The temperature of the exhaust gases
from an aircraft engine is, in general, about 1500° F. when discharged from
the cylinder. Although the gases will cool considerably in the exhaust
manifold and will cool further upon coming in contact with the outside air,
potential fire hazards still exist. It is therefore desirable to place the
exhaust outlet as far away from the path of the sulphur discharge as possi-
ble. The exhaust discharge should, in addition, be so directed that it
will not be blown 1nto the dust swath when a pull-up is effected. The most
satisfactory location for the exhuast is above the top wing of the airplane
with the outlet directed outward and upward.

6.12 Static Electricity. All aircraft engaged in spreading sulphur
dust should be completely bonded by connecting all metal parts with elec-
trical cable and also should be provided with sharp pointed static dis-
charge rods on each wing tip in order to provide the maximum of protection
against a spark discharge. Complete bonding {Ref. 5.42) of an airplane will
prevent differences in electrical potential between various metal parts and
will thereby prevent sparks from occurring between these parts. For this
reason, even though it 1s sometimes not possible or practicable to com-
pletely bond all parts of the wings and tail surfaces, at least the fuse-
lage aft and in the vicinity of the hopper, the struts and fittings adja-
cent to the hopper and the hopper itself should be bonded.

6.13 Pressure Between the Hopper Gates and Their Guide Channels. Fires
often occur at the end of a swath when thé gate is slammed shut to cut off
the flow of sulphur. The pressure exerted by the gate on sulphur dust which
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has collected in the guide channels may cause sufficient friction to ignite
the dust. '

To avoid this, the hopper gate should be well fitted to its guide
channels in such a manner that it will not bind and that accumulation of
sulphur dust in the channels will be minimized. Further, both ends of the
guide channels should be open in order that such dust as accumulates there
can be swept out when the gate is actuated. It may be desirable to provide
small felt pads on the end of the gate to keep the dust brushed out of the
channels. The use of ferrous metals for hopper gates must be avoided due
to the possibility of striking a spark when the gate is actuated. An alu-
minum alloy gate 1s preferred over other non-ferrous materials due to its
excellent heat conducting properties, which tend to prevent heat generated
at a given point from remaining localized. Wood 1s an unsatisfactory mate-
rial from the standpoint of heat conductivity. Heat generated by friction
between a wood gate and its guide channels will tend to remain localized,
and may reach values sufficiently high to ignite sulphur dust.

6.14 Poorly Designed or Improperly Fitted Agitator Shafts. Agitator
shaft bearings are frequently not lubricated properly and are not sealed
against the entry of sulphur dust. On some installations the hopper sags
when loaded and causes the shaft to bind 1n its bearings. A shaft operating
under these conditions will frequently overheat, and may readily reach tem-
peratures sufficiently high to ignite the sulphur that has collected in and
around the bearings.

Agitator shaft bearings should be sealed against the entry of sulphur
dust and provided with sealed type bearings or else made accessible for lu-
brication. The installation should be so designed that sagging of the hop-
per will not cause the bearings to bind.

There should be sufficient clearance between the agitator blades and
the sides of the hopper to preclude the possibility of the blades striking
the hopper. However, the clearance should not be excessive; . .otherwise dust
may pack up on the sidewalls of the hopper, thereby resulting in friction
hazards.

6.15 Sparks Caused by the Tail Skid While Taxiing. Sparks caused from
the tail skid striking stones or other objects on the ground probably can-
not be avoided. However, the fire hazard can be reduced by keeping the
airplane fuselage, interior and exterior, tail surfaces, etc., free from
sulphur dust.

6.16 inadequate Ventilation. It is the experience of numerous opera-
tors that improperly designed ventilating systems defeat the purpose for
which they are intended, in that entrance of dust (instead of clean air) is
facilitated. Obviously, a poor ventilating system 1is worse than none at
all. A properly designed ventilating system requires adequate and properly
located ducts. If closed spaces. cannot be properly ventilated, it might be
advisable to close them off entirely. Access openings should be provided
for inspection and removal of dust. Detachable covering also may be prac-
ticable for this purpose.
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The design and position of the venturi is important in connection with
keeping the airplane free from dust. The venturi should be designed and
positioned on the airplane so that the flow of dust will be directed down-
ward and clear of the airplane. A venturi embodying a flat upper surface
and a cambered lower surface with a progressively increasing droop at the
trailing edge may prove helpful.

6.17 Fuselage and Tail Surface Covering. In order to prevent, or at
least delay burning of the aircraft if the discharged sulphur dust should
ignite, the entire lower portion of the fuselage aft of the hopper should
be covered with thin gauge metal or plywood. If it is impractical to cover
this area completely, at least the lower surface of the fuselage in the vi-
cinity and three feet aft of the hopper opening should be so covered. The
remaining areas of the fuselage and tail surfaces should be finished with
acetate dope.

The aforementioned methods of covering the fuselage will not prevent
the sulphur dust from catching fire. However, in the event that all other
precautions have failed and the sulphur and thence the aircraft does catch
fire, the pilot will be accorded additional valuable time in which to ef-
fect a landing.

6.2 COMBUSTIBLE LIQUID SPRAYING

The aforementioned considerations concerning sulphur dusting fires, in
general, are also considered applicable to combustible liquid insecticides.
The material pertaining to carelessness, sparks from engine exhaust, static
electricity, ventilation, and fuselage and tail covering is considered par-
ticularly pertinent. Other items considered applicable to combustible liq-
uld insecticides are as follows:

6.20 Lines Containing Inflammable Fluids., All lines carrying inflam-
mable fluids should be of material having a resistance to fire equivalent
to that of aluminum alloys. Hose and clamp type connections should not be
used in lines which are under pressure. Where a line operates under pres-

sure a connection having fire resistance equivalent to the remainder of the
line should be used.

6.21 Compartments Containing Inflammable Liquids. Compartments con-
taining inflammable liquid containers or lines which carry inflammable liq-
uids shonld be ventilated and drained with care so that a combustible mix-
ture is not likely to accumulate. All parts of the compartment should be
bonded electrically to prevent the possibility of sparks igniting any com-
bustible liquid or mixture that might accumulate. In addition, these com-
partments should be free of ignition sources such as electrical circuits
and junction boxes whenever possible.

6.22 Fluid Shut-0ff Provisions. Valves or other means of shutting off
the flow of combustible liquids in the event of a fire should be provided.
These valves should be located as near the tank as practicable.
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Weight and Balance

7.0 GENERAL

As pointed out in sub-section 1.0, weight is an important factor in
aircraft design. Normally, an airplane is designed for certain operations
in flight and landings at all gross weights up to its maximum approved
value. For example, if an airplane has a maximum approved weight of 2,000
lbs., then that airplane can be operated safely at all weights up to its
maximum approved value of 2,000 lbs. If the 2,000 lbs. value were exceeded,
then its strength limits would probably be encroached upon and its rate of
climb, take-off distance, landing distance, and other performance would
probably be adversely affected. Accordingly, the operator should maintain
close weight control to avoid exceeding maximum weights where practicable.
Furthermore, accurate balance records should be maintained for each item of
weight removed or added to the aircraft and pertinent balance computations
should show that the center of gravity stays within the approved center of
gravity range. In the event that contemplated changes in loading distribu-
tion cannot be made without exceeding approved limits, the contemplated
change 1n loading should be revised accordingly, or else flight tests
should be made to mske sure there will be no unsafe condition.

7.1 GENERAL EFFECTS OF GROSS WEIGHT CHANGES

When an airplane is designed under the airworthiness standards of the
Civil Air Regulations or of the military services, the aircraft structure
is designed for a specific maximum maneuvering load factor at a specific
maximum gross weight. The weight selected by the designer is generally the
maximum weilght consistent with high over-all performance and consistent
with the purpose for which the airplane is to be used. The load factor
used in the design, on the other hand, is based on experience and repre-
sents the upper limit expected in the normal operation of the particular
airplane in the course of performing the tasks for which it was designed.

When the design load factor—design gross weight relationship is mod-
ified and the gross weight is increased above its design value, an operator
must consider the effe¢ts resulting from such a modification if he is to
maintain a safe operation. FExcessive overloading is to be strongly dis-
couraged and it is recommended that overload gross weights used for a par-
ticular airplane be chosen so as to permit safe operation under all normal
and emergency conditiens. Some of the effects of gross weight changes on
the strength of the aircraft structure and on possible maneuvers are dis-
cussed below. A chart showing gross weight increases that may be used with
caution versus the original airplane design maneuvering load factor is pre-
sented in Figure 7-1. This chart will be useful as a guide to possible
maximum percentage weight increase particularly from a wing strength point
of view when the airplane design limit maneuvering load factor is known.
For example, an airplane designed originally for a limit load factor of 4.4
(this corresponds to the minimum load factor for a CAR 3 utility category
airplane) could be overloaded as much as 31 per cent of its normal gross
weight with reasonable safety provided the airplane is flown in a re-
stricted manner and all severe maneuvers are avoided. If load factor data
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for any particular airplane are not available, such information can be
readily secured from the airplane manufacturer or may be obtained in some
cases from your CAA Aviation Safery Agent.

7.10 Effects of Gross Weight Changes on Aircraft Structure. The land-
ing gear and 1ts supporting structure are particularly critiecal if landings
are to be made at gross weights in excess of the design weight. Particular
caution should be exercised in making landings with the airplane overloaded
in order to keep the vertical descent velocity or sinking speed as low as
possible so as to keep within the original design limits. Since the load
factor developed in landing is a function of the descent velocity and the
landing weight, the pilot can keep the load factor developed within reasona-
ble limits by controlling the rate of descent just prior to landing. Taxi-
ing characteristics are very likely to be unfavorably affected by increased

gross weights and an effort should be made to keep taxling speeds low when
the aircraft is overloaded.

As the gross weight is increased above the design gross weight, the
load factor which can be reached 1in flight with safety must be proportion-
ately reduced. In general the higher the original design load factor, the
greater the possible weight increase. The load factor, however, cannot be
reduced below certain lower limits because of structural strength. If the
load factor is reduced below the lower limit (i.e., if the gross weight is
increased above the values on Figure 7-1} even normal operation of the
airplane will be dangerous. These effects and others were considered in
the construction of Figure 7-1 which furnishes recommended maximum possible
percentage 1increases 1in gross welght versus original design load factor.
It should be noted again here that caution should be exercised in all

flights at overload weights whether or not they are below the possible max-
imum values.

From a C.G. range point of view (as pointed out in sub-sections 1.0 and
9.11), as well as from a strength standpeint, careful consideration should
be given to locating the overload disposable weight as close to the air-
plane C.G. as possible. Tanks and hoppers should be located at the C.G.
if practicable. Locating the tank or hopper a considerable distance from
the C.G. along the fuselage will tend to overstress the fuselage as well as
unfavorably affect the airplane handling characteristics. Advantage may be
gained strengthwise by locating as much of the disposable weight along the
wing span as possible since the inertia effect of this dead weight tends to
reduce the air loads in flight. That is, a smaller reduction in possible
maneuver load factor will result from a given weight increase :f the weight
is distributed along the wing rather than being placed in the fuselage
alone. Even when the C.G. limits permit the addition of items of mass in
the aft portion of the fuselage, arrangements of this type should be checked
carefully to avoid overstressing the basic fuselage structure. Whenever
possible, large dead weight items which are added to the airplane should be

supported over a large area to preclude local failures of the basic struc-
ture.

7.11 Effects of Gross Weight Changes on Maneuvers. To prevent ex-
cessive, loading of the aircraft and its components, the aircraft must be
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maneuvered cautiously when loaded above its normal gross weight. Due to
the higher wing loadings associated with overload conditions, both the
flaps-up and flaps-down stalling speeds are increased above their normal
value. Landing speeds are higher and stalls in turns are more easily en-
countered when the aircraft is overloaded. As pointed out in section 7.1
above, the permissible maneuvér load factor is less when the aircraft is
overloaded. One of the effects of lower allowable load factors is to re-
strict the bank angle of the airplane in turns. This effect 1s shown
graphically in Figure 7-2. This chart shows the effect of load factor on
the bank angle in steady turns with zero sideslip. The reduced maneuvera-
bility in turns 1is more pronounced for low load factor airplanes. It
should be noted here that this chart does not reflect the effects of air-
plane speed or radius of turn.

To prevent the possibility of encountering gust loads in excess of the
design loads, the level flight speed and the never-exceed speed should be
reduced when the airplane is loaded above its normal gross weight. If
these speeds are reduced by the ratio W (specification gross wt.) /W (new
gross wt.), no difficulty should be experienced from this source. In no
event, however, need these speeds be reduced below the design maneuvering
speed, V For some particular airplanes the above ratio may be unduly con-
servatlve and deviations from the recommended practice may be necessary.
The main point to remember here 1s that due to the reduced load factor asso-
ciated with overload condition, caution must be exercised in all flights at
the higher speeds and that some reduction of the design speeds is necessary
for safe operation.

Pull-ups at speeds in excess of the design maneuvering speed should be
conducted with extreme caution so as not to exceed the reduced overload
load factor. Severe pull-ups should be made only when the maneuvering
speed, V,, 1s less than the value given by the following expression:

V, =17 v_ oW
S

where n and W are the load factor and gross weight respectively correspond-
ing to the original design condition and S is the wing area. If severe
pull-ups are only made at speeds less than this value, the airplane will
stall before reaching the reduced overload load factor. This speed may
also be used as a measure of the speed beyond which full displacement of
the control surfaces shouwld be aveided so that they will not be overloaded.

7.2 WEIGHT AND BALANCE COMPUTATIONS

Civil Aeronautics Manual 18, "Maintenance, Repair, and Alteration of
Certificated Aircraft, Engines, Propellers, and Instruments,” discusses
weight and balance control and computations in detail. CAM 18 contains
complete weighing procedures, methods of computing weights and bhalance, and
means of establishing loading schedules. Definitions of the various terms
used in weight and balance problems are defined. Means of computing center
of gravity locations and weights of the airplane including all of its parts
and equipment are also included. Section 2.315 of this guide discusses in
detail means of determining the center of gravity of hoppers and tanks.

R 4y =1_ 0
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7.3 EFFECT OF C.G. POSITION ON STRUCTURAL STRENGTH

In general, if the center of gravity of the loaded airplane lies with-
in the approved C.G. range as given in the CAA specification for the air-
plane, then the structural strength of the aircraft will be affected only
by the airplane weight. If, however, the C.G. limits are exceeded then the
structural strength may be adversely affected. Certain examples relative
to landihg gear loads are as follows:

7.30 Effect of C.G. Position on Nose Wheel and Forward Fuselage Load-
ings. The nose wheel loads are increased as the C.G. is moved forward. In
some 1nstances, relatively small movemerts of the center of gravity mean
large changes in nose wheel load; therefore, any movement of the center of
gravity forward of the forward limit given on the airplane spec1f1cat.10n
may require structural investigation of the effects of change in nose wheel
loading. Operation of agricultural aircraft from rough terrain aggravates
this situation. Structural investigation of both the nose wheel gear and
the forward portion of the fuselage should be made 1f the forward posi-
tion of the C.G. appreciably exceeds the specification limit.

7.31 Effect of C.G. Position on Tail Wheel Strength. The considera-

tions for the nose wheel covered in 7,30 are also considered applicable to
the tail wheel.

7.32 Effect of C.G. Position on Main Wheel Loads. Design loads on the
main wheels are independent of C.G. position; therefore any effects here
are limited to those from weight increases only.
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Powerplant Installation

8.0 SCOPE

The powerplant installation includes primarily that portion of the
aircraft which furnishes the motive power. This includes, among other
items, the engine, engine cowling, firewall, propeller, fuel system, oil
system, cooling system, and exhaust system; the related accessories, con-
trols and instruments; and the attachment of these items to the structure
of the aireraft. The installation usually consists of all parts forward of
the firewall as well as the supply and control systems to the rear of the
firewall. For instance, fuel tanks and straps supporting the tanks as well
as cockpit controls for operating the engine are included.

Airworthiness Evaluation.~To evaluate the airworthiness of a power-
plant installatien in an aircraft, consideration should be given to the de-
sign and construction details, the operating characteristics, and features
incorporated to permit maintaining the continued airworthiness of the in-
stallation. The objective is to achieve satisfactory powerplant operation
under the atmospheric conditions, altitudes, and maneuvers to be encountered
in ground and flight operation.

8.1 ENGINES

Engines should be a type that has been certificated by the Civil Aero-
,nautics Administration. Civil Aeronautics Administration engine specifica-
tions, which are available to the public specify the power, speed and other
limitations which apply to each engine model. The engine should be mounted
in such a manner that it will operate properly under all normal conditions
and so that excessive vibration is not transmitted through the mounting to
the airplane structure. Most engines have provisions for the use of vibra-
tion isolating rubber bushings.

8.2 PROPELLERS

Propellers used in civil aircraft should be types that have been cer--
tificated by the Civil Aeronauties Administration. The propeller specifi-
cations issued by the Civil Aeronautics Administration list the propeller
ratings in terms of horsepower and revolutions per minute. They also list,
in a few instances, the maximum cylinder bore of the engine on which the
propeller is eligible for use. The engine ratings and bore must not exceed
the values for which the propeller is approved. Specifications for constant-
speed propellers and most controllable propellers also list approved acces-
sories such as governors, etc.

Although a propeller may be satisfactory for use insofar as the pro-
peller and engine ratings and bore are concerned, the airplane performance,
weight and balance, and the propeller clearances must also be considered.
In the case of propellers with metal blades, the vibration characteristics
of the engine-propeller combination are also of primary importance.
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8.20 Propeller Vibration. To determine that the vibration character-
istics of the propeller are satisfactory in any given installation, the
blade-vibration stress must be measured during operation. Past experience -
has indicated that this procedure is necessary with all propellers except
wood types. In some cases it is possible to determine the effect of changes,.
or slightly-new combinations, by ground tests or comparisons with previous
data, but in most cases flight tests for this purpose are necessary. The
propeller manufacturers have the stress-measuring egquipment necessary to
accomplish these tests. Fatigue due to vibration is the most frequent cause
of propeller failures. Vibration impulses can be caused by various irreg-
ularities of air flow, but these are usually important only for very large
diameter propellers of approximately 13 feet and over. Engine power im-
pulses, however, are the main cause of propeller vibration. Vibration, if
continued at the natural frequency of the propeller, may cause propeller
failure after a few hours. Metal propellers must therefore never be used
without ascertaining from the Civil Aeronautics Administration whether the
vibration characteristics of the engine-propeller combination are approved.
Each engine has a critical range of operation for each type of propeller
with which it 18 combined. If this range is in the normal, engine-operating
range, a placard is required to caution the pilot against operating in the

dangerous range and the tachometer should be marked with a red arc in this
range.

8.21 Propeller Pitch and Speed Limitations. In the case of fixed-pitch
and ground-adjustable-pitch propellers, the following information is deter-

mined at the time the airplane is type certificated, and is included in the
airplane specification:

Static rpm at Viaximum-Permissible-Throttle Setting,

(Not Less Than rpm)

{Not More Than rpm)
Propeller Diameter, (Not Less Than__ - inches)
{(Not More Than_________ inches)

These data serve to insure compliance with minimum performance re-
quirements, particularly take-off and first minute climb and will also as-
sure against the possibility of overspeeding during take-off or in a power-
off dive. Normally, propellers made of wood will require a different range
of static rpm limits than metal propellers.

8.22 Propeller Replacements. Generally, fixed-pitch or ground-
adjustable-pitch propellers which fall within these limits should provide
satisfactory performance. In replacing propellers or altering the pitch so
that the static rpm and diameter limits are no longer complied with, the
airplane should be put through the following simple flight tests to assure
that safety has not been sacrificed:

(a) Take-off with full throttle or the maximum-allowable-manifold
pressure, and climb at the best-rate-of-climb.speed. (The best-rate-of-
clamb speed for some airplanes is given in Table 9-1.) If the best-rate-
of-climb speed is not known, it may be estimated as a speed one-third of
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the way between the power-off stalling speed and the maximum level-flight
speed. The engine rpm should not exceed the rated rpm during this test.

{(b) With the throttle closed dive the airplane at 110% of the maximum
level-flight speed. The engine rpm should not exceed 110% of the maximum
continuous rated engine speed in this test.

(c) Climb the airplane at full throttle or the maximum allowable mani-
fold pressure at maximum gross weight and at the speed mentioned in item
(a) above. Typical rates of climb which should be obtainable for various
types of airplanes are shown in Table 9-1.

Likewise, in the case of controllable and constant-speed propellers,
the aircraft specification will list the propeller diameter and the settings
at which the blade stops should be set in order to assure conformance with
minimum performance requirements. The diameter and stop limits are given
for each specific controllable and constant-speed propeller which has heen
approved for use on the airplane. If these settings are changed, the suit-
ability of the new settings should be checked in the same manner as des-
cribed above for fixed-pitch propellers. On course, in selecting propel-
lers, careful consideration should be given to the provision of adequate
clearance between the propeller and the ground and between the propeller
and airplane structure.

8.23 Propeller Clearances. For land planes with tail wheel type iand-
ing gear, the minimum satisfactory clearance between the propeller and
ground is generally considered to be 9 inches with the airplane in a hori-
zontal position and the landing gear deflected under the most forward cen-
ter of gravity position with the maximum gross weight of the airplane for
take-off. In addition to this, consideration should be given to how much
this clearance will be decreased with smaller angular displacements of the
engine nose below the horizontal position together with the smoothness and
surface conditions of the runways from which operation is anticipated.

The minimum clearance between the propeller and the engine, engine
cowling, and other parts of the airplane is dependent upon the relative
movement present and the effect it produces upon the vibration characteris-
tics of the propeller. With the most adverse relative movement of the
parts, the propeller should clear the engine parts and cowling by at least
1/4 inch, and other portions of the airplane by at least 1 inch.

8.3 FUEL AND OIL SYSTEMS

8.30 Fuel System. An aircraft fuel system must provide for the stor-
age of the required amount of fuel within the aircraft structure, and for
the delivery of the fuel to the carburetor at the proper rate and pressure.
The system must be reliahle under all conditions of flight and, insofar as
possible, simple in operation.

8.300 FUEL-SYSTEM HAZARDS. The greatest care should be exercised to
maintain the fuel system in a condition that will eliminate hazards arising
from fire and engine failure. The following are some of the more common
fuel-system factors which may cause fires and engine failures:
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(a) Fires due to leakage, fumes, insufficient -ventilation and drain-
age, carburetor flooding, over-priming, backfires, improper tank ventila-
tion, or proximity to hot spots such as exhaust manifold, exhaust discharge,
electric sparks or arcing.

(b) Engine failures due to water, dirt, or foreign matter in the sys-
tem, vapor lock, air lock, insufficient fuel pressure, improper functioning
of fuel-system controls, or inaccurate fuel gauge readings.

8.301 FUEL-SYSTEM ARRANGEMENT. Experience has indicated that the most
reliable type of fuel system 1s one incorporating provision for feeding
each engine from only one tank at a time, regardless of whether a gravity
system or a fuel-pump system is employed. It is, of course, necessary that
adequate precaution be taken to insure that the outlets of fuel tanks are
not uncovered in maneuvers. When two tanks are used at the same time with
a pressure fuel system, it has been found difficult to assure that fuel
will feed evenly from each tank and hence the tank which is exhausted first
may air lock the system. Again, when two tanks are used at the same time
with a gravity system, without interconnecting their vents, a difference in
pressure at the vents can cause flow of fuel between the tanks and either
early exhaustion of the fuel from one tank or overflow from the other tank,
constituting a fire hazard.

No- portion of a fuel system should be located in the same compartment
as the pilot or cargo unless suitable provisions are taken to guard against
the hazards which might be produced by fuel-system leakages. In the case
of small aircraft, an excess of ventilation and, if necessary, some degree
of- isolation or covering is usually sufficient, dependent upon the arrange-
ment of the design. For example, when a fuel tank of less than 20 gallons
is underneath the instrument panel in a small aircraft, adequate ventila-
tion is considered sufficient safety provision without any extra covering
other than that normally provided. With large aircraft, routing the fuel
lines through the center section or the fuselage portion of the airplane
may require special consideration. In some cases, the use of an extremely
reliable type of fuel line with no connections subjected to motion and the
line rigidly attached to primary portions of the structure may be accept-
able. In other cases, a definite tunnel may sometimes be necessary to pro-
vide proper isolation and ventilation for the line.

8.302 FUEL-SYSTEM OPERATION. The fuel system should feed sufficient
fuel to operate all engines satisfactorily at their take-off power under
all normal attitudes of flight, including moderate rolling or side slipping,
down to the unusable-fuel-supply level of the fuel tank. The system should
show no air locking or vapor locking tendencies within the range of atti-
tudes and altitudes under which the airplane is to be operated. The system
should also feed promptly after one tark has run dry and another tank is
turned on. It should not take more than ten seconds to regain power after
switching to the full tank.

Each tank should preferably feed from a single outlet located so as to
be below the fuel level 1in any normal flight maneuver. TIf two outlets are
used, care must he taken to assure that there 1s no possibility of air
locking or failure to feed with a low fuel supply.



Civil Aeronautics Manual 8 . 8._3020-8.3037
Appendix A

8.3020 duxiliary Tanks. Auxiliary fuel supplies may be maintained by
means of separate reserve tanks, or by standpipes in the main tank. Stand-
pipes, however, are not recommended because experience with many installa-
tions of this type has demonstrated that they may be a hazard to pilots not
thoroughly familiar with the airplane. A reliable fuel-quantity gauge with
"a low level warning mark is considered simpler and more desirable than the
use of a standpipe. However, if a standpipe is used, and if the main fuel
supply is to be drawn from an outlet considerably above the bottom. of a
tank, the reserve or bottom outlet should be marked for use in all take-
offs and landings. '

8.3021 Auxiliary Pumps. Auxiliary pumps (hand wobble or electrieally
operated) should be selected and tested for their ability to feed fuel at
the same rate of flow as is required for the main pumps.' Moreover, the re-
quired flow from the hand-operated pump should be delivered without excess
physical effort when the handle is operated at 120 one-way strokes per min-
ute. The auxiliary pump should be installed so that it may be readily
operated after failure of the main pump without the necessity of opening or
closing any valves in the system. Attention should also be given to the
location of the hand-operated pump to assure that in operating the pump the
pilot will not be able inadvertently to strike or operate any other control
with his hand, arm, or sleeve.

B.3022 Transfer Tanks. Transfer tanks used to feed main tanks should
meet the requirements of main tanks except as to the fuel feed, which may
be based on maximum continuous power and speed instead of take-off power
and speed since such tanks.are not normally intended for use in take-off or
landing. Such fuel feed may be accomplished by means of gravity, by an
electric pump or by a hand-pump.- If the transfer tanks are intended for
use in level flight only, they should, be properly placarded to restrict
their use accordingly.

8.303 FUEL-FLOW RATE FOR GRAVITY-FEED SYSTEMS. The advantages of the
gravity system, in use on a large number of low-powered airplanes, are its
simplicity and reliability. This type of system would also be desirable
for use 1in higher-powered airplanes if it were not for the fact that the
pressures and flow rates required exceed those that a gravity-feed system
can supply. The actual pressure available from a gravity system can be
calculated at approximately 1 psi for each 40 inches head of fuel. Thus,
it may be estimated that a vertical head of 120 inches of fuel is necessary
to produce a delivery pressure at the carburetor of 3 psi. This is ob-
viousiy more head than is available in any airplane and iz the reason why
gravity feed cannot be used if any appreciable pressure is required for the
carburetor.

To determine whether a gravity system will provide the flow required
for the engine installed, a flow test should be conducted in the following
manner, with the entire fuel system as installed in the airplane!

{a) Block the airplane on the ground with the thrust line at the best
angle of climb with take-off power. This angle may be determined by flight
test or calculation and usually is in excess of the three-point-landing at-
titude.
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(b) The flow should be measured at the carburetor inlet and restricted
at that point to the minimum operating pressure for a satisfactory take-off
mixture as recommended by the carburetor and engine manufacturers. {If a
reducing nipple is employed at the carburetor inlet, the flow should be
measured through the nipple.) A satisfactory method of raising the pressure
at the carburetor inlet to the minimum operating pressure, is to disconnect
the fuel-feed line, at the carburetor and raise it an amount equal to the
required minimum operating pressure. This pressure should be definitely
ascertained for the specific carburetor in question, and the Civil Aero-
nautics Administration will be happy to provide this information when it is
needed. The rest of the fuel system should be left intact with all
pressure-relief fittings at their service settings,

(¢) Prior to beginning the test, the fuel system should be completely
drained. The system should be set to feed from cne tank only (the flow
should be tested for each tank separately with a gravity system). TFuel
should be added to the tank slowly until a steady flow is established at
the carburetor end of the feed line. Steady flow should be established
when approximately the unusable-fuel supply, as defined hereinafter, has
been added. Systems requiring an excessive amount of fuel to produce steady
flow are unsatisfactory since they tend to airlock. When a steady flow has
been established, an additional gallon of fuel should be added to the tank.
The time in seconds required for at least one gallon of fuel to flow from
the feed line should then be obtained. The time required for one gallen to

flow should not be more than the larger of the two figures computed from
the following:

(1) At the rate of 1.2 pounds per hour for each take-off horsepower.

Seconds per gallon ____T_l_%g_gﬂp_

Where:
T.0.H.P. = Take-off horsepower

{2) At the rate of 150% of the actual take-off fuel consumptiocn of the
engine. .

— 14400
Seconds per gallon = S.F.C. x T.O.H.P.
Where: .
S.F.C. = Take-off specific fuel consumption in pounds

per horsepower per hour.

Major changes in the arrangement of components of previously approved
fuel systems may be substantiated by reconducting flow tests of the fuel
system as installed in the airplane, or by appropriate comparative testing
of the parts involved to assure that the new parts do not restrict flow to
a greater extent than the original parts.

8.304 FUEL-FLOW RATE FOR PUMP SYSTEMS. Fuel-flow rates for pump sys-
tems should be conducted by placing the airplane in the same attitude as
outlined in the preceding section for gravity-fuel-system tests. Since, in
this case, the fuel pump must be operated, it may be driven either by the
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engine with the pump mounted on the regular engine fuel-pump drive or by a
separate electric motor. TIf it is desired to conduct the test with the
pump mounted on the engine, a separate source of fuel external to the air-
plane, should be supplied to operate the engine at take-off rpm. If an
electric motor is used to drive the fuel pump it should be capable of oper-
ating the pump at the same speed as the pump operates when the engine is
runping at take-off rpm, and the pump should be mounted at the same height
as it would be if mounted on the fuel-pump pad on the engine. In either
case the pump discharge should be collected and measured.

The fuel system should then be prepared for conducting the flow tests
as described above for gravity-fuel systems. The rate of flow for pump
systems should not be more than the larger rate as computed from the fol-
lowing:

(a) At the rate of 0.9 pounds per hour for each take-off horsepower.

_ 24000
Seconds per gallon = T.0.H.P.

(b) At the rate of 125% of the actual take-off fuel consumption of the

engine. Seconds per gallon = S.F.C 113g00 HJP

The fuel-flow tests should be made with the main and auxiliary fuel
pumps alternately operative and inoperative.

Changes in components such as engine-driven fuel pumps, or wobble
pumps, can usually be substantiated by comparative tests of the components
themselves without testing the entire airplane system. The new pumps shounld
be capable of delivering the same or greater flow as the original pump when
operating at the same suction lift and delivery pressure. The pumps should,
of course, be operating at the same speeds for this determination.

8.305 FUEL TANKS.

8.3050 General. To obtain strength in tank construction, it is usu-
ally necessary to provide corners with a generous radius and locate welds
on a flat surface removed from the corners. Welding of the tank erds to
the body is facilitated by an expansion bead near the weld. Tanks of large
size usually require a careful welding arrangement in order to avoid stress
concentrations induced by the welding process. Where flanges or heavy sumps
are incorporated in tanks to take various connections, they should be large
enough and so attached to the tank shell that the stresses induced by the
attached connections and piping will not be localized, but will be distri-
buted over a large portion of the thin tank shell. Reinforcement of the
shell at these points of attachment should be made where necessary. Tanks
approximating a cylindrical form often have their ends dished for additioa-
al strength.

8.3051 Integral-Tank Construction. Integral tanks (tanks forming part
of the airplane structure) should be carefully designed to prevent leakage
ander flight or landing deformations in the primary airplane structure. New
‘sealing material should be thoroughly investigated to assure its ability to
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withstand the effects of fuel, periodic drying, heat, cold, vibration. etc.
Such tanks should be provided with inspection holes so that all interior
surfaces and corners of the tanks can be reached to allow adeguate inspec-
tion and maintenance. When the landing-gear attachment is made part of the
structure which forms the integral-tank shell there is always a serious
danger of rupturing the tank in a ground accident in which the landing gear
is deformed or broken. This practice has resulted in serious fires in a
number of accidents which would have been rather minor had it not been for
the fact that the landing-gear damage resulted in fuel spillage. When in-
tegral tanks are used it is therefore important to keep the landing-gear
attachment as far as possible from the tank structure.

Corrosion. —Fuel tanks should be constructed to resist corrosion and
should not be susceptible to electrolytic action insofar as possible. It
is quite important that all welding flux be removed before uny anti-
corrosion processes or coatings are applied. Electrolytic action may be
minimized by assuring, insofar as possible, that dissimilar metals are not
in intimate contact with each other.

Baffles. —All but the smallest tanks (i.e., approximately 5 gallons or
less) should be provided with baffles or stiffening members to prevent
failure due to the surging of fuel. This is particularly true of tanks
which are either particularly long or wide. Baffle spacing of ‘12 to 16
inches is usually suitable.

Baffles should be given careful consideration with regard to their own
-ability to withstand surging loads and with regard to their attachment to
the shell to prevent local high stresses from developing there. They should
be so designed that no fuel will be trapped between baffles, or between
baffles and tank sides. Each interconnecting passage in baffled tanks
should have generous vent and flow openings.

Joints. —Rivets and welds should be located at points where they will
not aggravate the stresses due to vibration and sleshing. Special attention
should be given to riveted joints and seams as sources of possible leakage
in tanks of aluminum-alloy, riveted construction. In this coanection, soft
rivets will usually be found preferable to hard rivets. Particular atten-
tion should be given to the intersection of two seams where, usually,
special precautions must be taken.

In general, except for seams, rivets should be used sparingly, and
only where strength or other considerations require their use, since each
rivet i1s a potential source of leakage. Rivet spacing of 3/8 to 5/8 inch
using rivets 3/32 to 1/8 inch in diameter has been found satisfactory in
producing leakproof seams in aluminum-alloy tanks. It may be necessary to
use a double row of rivets to obtain a gasoline tight joint in large tanks.
Seams should be above the fluid level wherever possible.

Expansion Space.—The filler necks of fuel tanks should be located and
installed so as to assure that an expansion space, of at least 2% of the
total tank volume, is automatically provided when the tank is serviced in
the normal ground attitude.

Unusable-Fuel Capacity.—Most fuel tanks cannot be bled completely
empty but contain a certain residual quantity of fuel called the "Unusable
fuel™ " The quantity depends upon the shape of the tank and the attitude in
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which the airplane is flown. It is not safe to rely upon the unusable-fuel
supply and it is therefore important to determine in advance how much fuel
is unusable so that the pilot will have this information available. The
unusable-fuel supply should be determined by flying the airplane in each of
the configurations outlined below until the engine starts to malfunction
due to fuel starvation. When this occurs the fuel valve should be switched
to a full tank and a landing made to measure how much unusable fuel re-
mained in the tank being tested. The flight.conditions which should be
considered are as follows:

{(a) Level flight at maximum continuous power, or the power required
for level flight at cruising velocity whichever is less.

(b} Climb at maximum continuous power at the estimated best angle of
climb at minimum weight.

(c) Rapid application of power and subsequent transition to best rate
of climb following a power-off glide.

During these conditions, side slips and skids of the greatest severity
likely to be encountered in normal servjce or turbulent air should be con-
ducted to simulate actual operating conditions. If the configuration of
the tank and airplane are such that one of the above three conditions is
obviously most critical, the other conditions need not be investigated.

The fuel-quantity indicator should be calibrated to read zero when the
fuel - level reaches the unusable-fuel capacity. Flight personnel should be
warned accordingly that the unusable-fuel supply cannot be used safely in
flight.

Fuel-Tank Sump.—Each tank should be provided with a sump suitable for
the collection of sediment and water, unless provision is made in the air-
plane design to drain all of the water and sediment out of the tank through
the system to a separate strainer or sump. Whens such a separate strainer
or sump is used, the drain should be mere than usually accessible to en-
courage drainage before each flight. A cockpit drain control is desirable
for this purpose. All bottom surfaces of the tank should tilt toward the
sump (or outlet where no sump is incorporated in the tank) at a sufficient
angle, with the airplane at rest on the ground, to assure that any appreci-
able quantity of water will flow to the sump (or outiet). In this regard,
it is important to remember that the airplane may rest with one wing lower
than the other due to ground irregularities. The fuel-tank design should
be arranged so as to avoid even small traps that will result in the con-
tinual presence of water which may accelerate corrostion.

When a sump is incorporated in a small tank (25 gallons capacity or
less) it should have a capacity of at least 1/2 pint, while tanks of greater
capacity should have a sump with a capacity equal to at least 1/4 of one
percent of the total tank capacity. The tank outlet should be located so
that no fuel is fed from the tank sump in normal flight attitudes.

The fuel-tank outlet may be placed at the bottom of the tank with neo
provision for separate drainage of the tank if a sediment bowl is installed
so that it is at the lowest point in the system when the airplane is in a
normal position on level ground. All parts of the system should drain to
the sediment bowl.

Fuel-Tank Outlet.—The fuel-tank outlet should be located so as to
comply with the fuel-tank sump previsions. All fuel-tank outlets should be
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equipped with a suitable finger strainer having a screen of approximately
10 mesh to preclude the possibility of stoppage by foreign objects inad-
vertently lodged in the tank. The finger strainer should be installed so
as to be accessible for inspection and cleaning when the fuel tank is re-
moved for complete inspection. The strainer should point upwards if in-
stalled in a tank with a small bottom area adjacent to the outlet. TIf the
bottom is flat and of large area compared to the sides, it may be prefer-
able to install the finger strainer horizentally or at an angle. It 1s rec-
omnended that all outlets face up whenever possible. Side outlets are sus-
ceptable to airlocking when the upper part of the outlet is uncovered. A
suitable screen permanently incorporated in the design of the tank filler
neck is considered the equivalent of a finger screen at the tank ountlet.

Fuel-Tank Vent.-——Each tank should be vented from the top portion of
the air space in the tank to permit a sufficient flow of air to neutralize
changes in pressure resulting from rapid changes in altitude or the removal
of fuel from the tank.

Vents and vent lines should be suitably arranged to avoid the collec-
tion of water and should be so designed and installed as te preclude the
possibility of their becoming clogged by ice or dirt in flight or servicing
operations. In the small tanks usually installed in light airplanes, where
venting is accomplished by small holes in the filler cap, two or more such
holes should be provided in the cap for safe operation. Where the float-
and-rod-type, fuel-quantity gauge i1s used, the clearance hole for the rod
is considered adequate venting as this type of venting, due to the vibrat-
ing action of the rod, has proved very satisfactory in service.

Vents should not terminate at a point where possible fuel discharge
might constitute a fire hazard.

Fuel-Tank Drain.-—Each tank should be provided with a suitable drain
at the low point of the tank in the ground attitude. This drain should dis-
charge clear of other airplane parts and permit complete tank drainage to
prevent the entrainment in the tank of an appreciable quantity of water
which might affect engine operation, accelerate corrosion, or otherwise im-
pair the airworthiness of the aircraft. Such drains should be installed so
that the possibility of accidental opening is guarded against. To be suit-
able, a drain should be located so that it can be reached without disas-

sembly or removal of a large piece of cowling, removal of structural parts,
of without the use of special tools.

8.3052 Tank Tests. Pressure Tests.—All fuel tanks should be pressure
tested to 3 1/2 psi to provide an indication of the ability of the tank to
resist distortion and leakage under vibratory, accelerating, and surging
loads which may be encountered in flight and landing conditions.

Vibration Test.—Unconventional tanks or tanks of unusually thin mate-
rial may necessitate vibration testing to substantiate their airworthiness.
An unconventional tank might be termed one which has large unsupported or
unstiffened areas or similar features. Vibration tests are recommended for
all tanks to determine design changes to increase their life.. Vibration
testing should be accomplished by shaking the tank, 2/3 full of water, at a
frequency of approximately 90% of rated maximum continuous rpm of the
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engine wsed in the airplane, and a total amplitude of 1/32 to 1/16 inch,
for 25 hours. '

Slosh Test.—In some cases where the tank incorporates features which
make it susceptible to damage from the liquid surge, such as the absence
of baffles and elongated construction, it may be necessary to supplement
the vibration tests with slosh tests. Tanks consisting of a bladder type
fuel cell within the structure should be studied for the chafing effect
caused by the sloshing of the gasoline due to the normal roll and pitch of
the airplane in flight. Such an investigation may be made by means of a
test which consists of rocking the tank through an angle of about 15° at
approximately 16 to 20 cycles per wminute for 25 hours. During the test the
bag should be 2/3 full of water,

8.3053 Fuel-Tank Installation. Fuel-tank installations should -comply
with the following general provisions:

{a) Fuel tanks should not be located on the engine side of the fire-
wall.

(b) An adequate air space should be allowed between the tank and the
firewall.

(c) All exposed surfaces and the air space about the tank should be
suitably vented and drained or otherwise protected against the accumulation
of inflammable vapors.

(d) Wherever possible the installation of tanks in. personnel compart-
ments should be avoided. If a tank must be located in such a compartment,
suitable vapor-proof bulkheads should be provided between the tank and the
personnel compartments, unless care 1s taken to provide adeguate ventila-
tion to carry away possible fumes and leakage.

(e) The tank should be attached to the primary structure by supports
designed so as to minimize stress concentrations, and to prevent distortion
and vibration failures of the tank. The supports should be capable of with-
standing ground and flight loads without undue ‘deflection.

(f) Fuel tanks should be bonded to the airplane primary structure to
avold static-electricity hazards.

Padded cradle and padded-beam type supports are considered satisfac-
tory provided the location of the beam or cradle is such as to prevent
overloading of unsupported or unbaffled sections of the tank. Provisions
should also be made for proper support of the tank under reverse-loading
conditions. Fuselage and wing tanks should not be supported by brackets or
lugs attached to the tank walls, unless special precautions are taken to
distribute the loads. Padding under tank straps and on supports should be
waterproofed to prevent corrosion, chafing, and absorption of fluids.

If flexible tank liners are employed, they should be well supported so
that the liner 1s not required to withstand fluid loads. Interior surfaces
of compartments for such liners should be smooth and free of projections
which are apt to cause wear or tear of the liner. Such rough places or
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projections should be either eliminated or provision should be made for
protecting the liner at such points.

Filler openings should be plainly identified with the word "FUEL,""
the minimum octane number, and the capacity. Provision should be made to
prevent any overflow from entering the wing or fuselage. In this regard,
all recessed filler necks should be provided with overboard drains. Where
the fuel-tank filler neck is supported or attached to the airplame strue-
ture, adequate flexibility should be provided in the filler-neck connec-
tions, and, if necessary, the junction of the filler neck to the tank rein-

forced, to take care of the effects of possible relative movements between
the tank and the airplane in flight.

8.3054 Fuel Pumps and Pump Instellations. 1f fuel pumps are provided,
at least one pump for each engine should be directly driven by the engine.
Emergency fuel pumps should be provided to permit supplying all engines
with fuel in case of the failure of any engine-driven pump. Fuel pumps,
when used, should be of such design and so installed that excessive pres-
sures are not built up in the carburetor feed line as a result of pump
operation. Some means such as a pressure-relief valve should be incorpo-
rated, eilther in the pump itself or in the system, so as to adequately
control the fuel pressure within the limits specified for proper carburetor
operation. (onsideration must also be given to the power requirements of
the pump to assure that they do not exceed the power limitations of the
mounting pad and drive provided on the eagine. Diaphragm-type pumps should
also be considered for hazards as a result of ruptured diaphragms.

When a power-driven pump is used, an emergency-hand or a separate
power-driven pump of the required capacity should be installed and should

be available for immediate use in case of a pump failure, particularly dur-
ing take-off.

&.3055 Fuel-System Lines, Fitiings, and ‘Accessories. Lines and Fit-
tings. —Considerable attention should be given to the fuel-system plumbing,
bearing in mind that each joint is a possible source of leakage, each bend
a possible source of blockage, each rise a possible source of vapor lock,
each low spot a possible source of freezing due to water collection, each
length of unsupported tubing is susceptible to vibrational fatigue, &nd
each hole or opening through which the line may be routed is a possible.
source of wear or chafing. In view of these facts it is recommended that
the following precautionary details be complied with as far as possible:

(a) Solid fuel lines and fittings should be cargfully designed, sup-
ported, and located and should be made of materials which suitably resist

corrosion. Generally, Air Force-Navy standard (AN Parts) fittings are con-
sidered satisfactory.

(b) Flexible hose should be & fuel-and-oil-resisting type.approved by
the Civil Aeronauties Administration or conforming to Air Force-Navy (AN),
or equivalent, standards.

{c) Flexible-hose connections, if used to give required flexability in
a line, should be installed at each end of the line. ‘The hose should be
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connected to hose nipples or appropriately beaded tubing. Connections made
in accordance with Figure 8-1 are satisfactory for this purpose.

{(d) Tt is recommended that fuel lines, except flexible portionrs, be
supported by means of soft blocks and clamps. Friction tapes and rawhide
lashings collect grit and induce rapid wear (and sometimes corrosion) due
to vibration which causes the lines to work under the lashings.

(e) Flexible connections or lines should be used between al]l fuel-
system parts subjected to relative movement or mass vibrations. Long
lengths of tubing should be supported at frequent intervals to preclude
fatigue failures due to vibration. Short, solid tubing with flexible con-
nections on each end need not be supported.

(f) Bends of small radius, vertical humps, or restrictions which might
promote vapor or airlocking in the lines should be avoided wherever pos-
sible.

(g) A fuel-feed line should be tubing of not less than 3/8 O.D. x .032
wall, with corresponding fittings.

(h) Excessively-large fuel lines should be avoided so that vapor and
air will be carried along with the flow of fuel and not accumulate in the
lines.

Fuel lines in the form of L-, S-, and U-bends which are joined by hose
connections should be aligned as accurately as possible into the connec-
tions and should be braced or supported to prevent the lines from slipping
away from the connections under the internal operating pressures and vibra-
tion encountered in the lines in service. The bracing or supports should
be located so that the flexibility provided for these lines will not be
materially affected. In the case of straight lines, it 1is preferable not
to usé supports except where the mass or the length of the line and con-
nections or fittings is such as to cause it to vibrate under flight con-
ditions. Straight lines up to 18 inches in length usually do not require
supports. The use of dissimilar metals in, or in physical contact with,
the fuel system should be avoided insofar as it is practicable to do so.

Although the winimum recommended size for fuel-feed lines is tubing of
3/8 0. D. x .032 wall, a larger, minimum size is necessary when the length
of the lines is long. If the combined length of the feed lines and fittings
from the tank to the carburetor is in excess of 10 feet, at least tubing of
1/2 0.D. x .035 wall is preferable.

The radii of the tube bends should be not less than three times the
outside diameter of the tubing. Sharp bends and fittings should be reduced
to a minimum. -

Fuel -System Accessories.

Fuel Strainer.—One or more strainers of adequate size and design,
incorporating a suitable sediment sump and a means for draining, should
be provided at a low point in the fuel line between the tank and the
carburetor. Such strainers should be installed in an accessible position
so that they may be reached readily for inspection and drainage with
the removal or unfastening of only a small piece of cowling or an
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inspection door. The strainer screen and the screen of the carburetor
strainer should each be easily removable for cleaning.

Strainers should be provided with a 60-mesh screen  or finer, with an
adequate sump for trapping water. The sump capacity should be at least two
ounces for small-engine installations and should preferably be four ounces
or greater.

Fuel Valves.—Suitable provisions should be incorporated in the-design

and installation of fuel valves and their controls to insure compliance
with the following, where applicable:

(a) Valves should not be susceptible to external leakage upon the ap-
plication of torque or axial loads to the operating shaft.

(b) Adequate stops or position indicators should be incorporated in
each valve to indicate the pesition and hold the valve in each desired po-
sition.

(c) Suitable, quick-acting valves should be used to shut off the fuel

independently to each engine. Such valves should be located on, or to the
rear of, the firewall.

(d) All valves should be suitably supported.

(e) Remote controls, if used, should constitute positive connections
to avoid possibility of misalignment.

(f) All valves should be suitably marked to shéw their function.

Fuel valves should be located, whenever possible, so that the effect
of gravity and vibration will be to turn the valves or rather than off.
Particular attention should be paid to the location of fuel shut-off valves
so as to avoid the possibility of the pilot’s arm, leg, or any other part
of his body or clothing inadvertently striking or catching the valve handle
and altering its setting. The design and installation of the fuel-selector-
valve handle and markings should be given careful consideration to assure
against confusion in fuel-tank selection and inadvertent operation. Fuel-
shut-off-valve controls should not be located adjacent to other frequently
operated controls (carburetor heat, cabin heat, etec.) unless they are so
distinctive in design or so guarded that inadvertent operation will not oc-
cur.

8.31 Gil-System. In aircraft engines, the lubrication system is de-
signed to meet the problems of high temperatures, high bearing stresses,
and proper functioning in all flight attitudes of the aircraft, except in-
verted. The high temperature of the various engine parts tends to thin out
the lubricant (lower its viscosity), which decreases its effectiveness in
overcoming metallic frietidn. Therefore, provisions must be made to cool
the oil externally either by radiation from the sump or by means of a sepa-
rate radiator. The cooled oil, on reentering the lubrication system of the
engine, materially assists in reducing the high temperatures of the various
parts, particularly the bearings.

The o1l pressure pump and its distributing lines and passages circu-
Jates the oil under pressure to the various working parts of the engine so
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long as the oil is supplied to the inlet side of the pump. This then is
the function of the lubrication system; to provide an adequate supply of
cooled oil to the engine.

8.310 OIL-SYSTEM OPERATION. In a wet-sump engine, the entire lubrica-
tion system is incorporated in the engine. '

In a dry-sump engine, an o0il sump located in the lowest portion of the -
crankcase collects all surplus oil drained from the pressure system. "A
scavenging pump removes the oil from the sump and forces it back into the
external lubrication system where it is cooled, collected, and recirculated
to the o1l pressure pump. It 1s primarily with regard to this external
lubrication system that the following "Good Practice” comments are con-
cerned.

8.311 OIL-SYSTEM ARRANGEMENT. The major units in an oil system in-
clude the supply tank, the necessary piping and connections, the oil-
temperature-regulator assembly (o1l cooler or radiater), the oil-temperature
gauge, and the oil-pressure gauge. Some modern lubrication systems also in-
corporate an oil-dilution system.

The system should be arranged so as to furnish oil by gravity to the
inlet side of the oil pressure pump during all normal flight attitudes. It
should be readily possible to remove all air, water, or cleansing compounds
from the system after overhaul. Foaming is promoted by any of these foreign
materials. |

8.312 OIL TANKS.

8.3120 General. 0il supply tanks usually are constructed of aluminum
alloy, or stainless steel and are of such design as to permit installation
in the aircraft as close to the engine as possible, The design and strength
practices outlined previously herein for fuel tanks should also be applied
to oil tanks sc as to preclude failures from vibration, inertia, or fluid .
loads. For oil tanks however, the tank should be capable of withstanding
an internal pressure of 5 psi instead of the 3 1/2 psi recommended for fuel
tanks.

8.3121 Capacity and Expansion Space. The tank capacity should be suf-
ficient to assure a supply of oil which is adequate for the total-fuel sup-
ply. The customary ratio for nontransport-type aircraft -is approximately
one gallon of oil for every 25 gallons of fuel capacity, but not less than
one gallon for each 75 maximum continuous horsepower of the engine involved.
This does not include the oil in the piping, oil-temperature regulator, and
engine. In addition to providing for the rated oil capacity of the tank,
the tank volume should be such as to include an expansion- space which can-
not be inadvertently filled with oil when the airplane is in the normal
ground attitude. Such expansion space should be at least 10% of the tank
volume except that it should be in nio case less than one-half gallon. This
can be accomplished by locating the filler lip with respect to the ground
angle so that it controls the maximum level.

‘geqe88 O0—51——"10
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8.3122 Outlet. The tank outlet usually is located at its lowest sec-
tion to permit complete drainage while the aircraft is in the ground posi-
tion or in normal flight attitude. The tank-inlet line from the oil-
temperature regulator usually enters the top of the tank and should be of
the sam¢ size as the outlet line.

8.3123 ¥Vents. The vents should be located at the top of the tank and
should not be attached to the filler neck or incorporated in the filler cap.
They should be so arranged that the oil tank will be properly vented at all
flight attitudes of the airplane when the tank is filled to its rated capa-
city.

In most instances, the crankcase is vented through suitable piping to
the top of the oil supply tank. Two vent lines are used on higher-powered
engines, one to vent the power section and the other to vent the accessory
section. Where o0il tanks are not vented to the engine crankcase, special
precautions should be taken to prevent over-flow or a fire hazard. No traps
or pockets should exist in oil-tank vent lines.

8.3124 Quantity Indicator. A suitable means should be provided at the
tank to determine the amount of oil in the tank. An oil gavge of the bayo-
net type is considered suitable as a means of determining the amount of
oil, provided it is marked in gallons and indicates the oil level down to
the last 20% of the oil capacity. The gauge need only be ascessible during
filling. Even though a cockpit gauge may be provided, there should alsc be
a gauge on the tank. '

8.3125 0il-Tank Installation. The oil supply tank should preferably
be located as high above the pump inlet as practicable. Actually, the tank
should be located so that its outlet is sufficiently above the engine oil-
pump inlet when the aircraft is 1in its ground position, to provide a posi-

tive’ head of oil at the pump. Suction lifts between the tank outlet and
the pump inlet should be avoided.

As applicable, the same provisions and practices recommended previous-
ly herein for installing fuel tanks should be applied to the imnstallation
of the oil tank. These provisions and practices concern (a) the method of
supporting the tank to assure proper distribution of loads, (b) protecting
the tanks against chafing and corrosion, (c¢) protection of flexible liners,
if used, and (d) ventilation and drainage of tank compartments.

011 filler openings should be plainly marked with the rated capacity
and the word "o0il". The opering should be provided with a satisfactory cap
which should fit tightly to avoid oil leakage and prevent loss of oil in
flight. With systems which provide a vent to the crankcase, the cap should
be tight with no holes for venting contained in it. All recessed filler
necks should be provided with suitable drains. '

§.313 OTL RADIATOR. The oil radiator or cooler should be suitably
mounted in the return line (between the scavenging pump and supply tank)
and equipped with a suitable drain or drain plug.
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A relief valve should be provlded either built into the radiator.or in
the line ahead of the radiator in order to preclude excessive pressures be-
ing built up 1in the core. Various size coolers are used depending upon the
amount of oil circulated through the particular engine. The oil temperature
may be controlled by means of a thermostatically-operated valve, to control
the passage of oil through the radiator, and by a shutter assembly installed
in the air-exit side of the radiator. ' :

The mounting of the oil radiator should be given particular attentionm
so that excessive vibratory stresses will not develop in the cooler ele-
ments and their attachments. Where mounting lugs are provided, they should
be of rugged construction and their attachment design should be such as to
avoid local concentration of stresses. In general, the radiator should be
mounted on nonabsorbent pads or other cushioning material.

8.314 OIL-TEMPERATURE GAUGE. A suitable means should be provided for
measuring the oil temperature near the engine inlet. A splice or "Y" con-
nection in aluminum tubing for the purpose of inserting the thermometer
bulb is satisfactory providing the tubing has a wall thickness of .049 inch
or more. When the engine manufacturer provides a standard connection to
the engine crankcase for an oil-temperature bulb, such a location for the
bulb should be used. Calibration of an oil-temperature gauge may be readily
accomplished by immersing the temperature bulb in boiling water.

8. 315 OIL-SYSTEM LINES, FITTINGS AND ACCESSORIES, 0il-System plumbing
is generally simpler than fuel-system plumbing and the lines are larger in
diameter. Nevertheless, the precautionary details and plumbing practices
described previously herein for the fuel system should be complied with, as
applicable, in the design and installation of the oil-system lines, fit-
tings, and accessories.

8. 316 OIL-SYSTEM DRAINS. With regard to the oil-system drains, one or
more accessible drains should be provided at the lowest point in the system
to drain all the major parts of the system when the airplane is in i1ts nor-
mal position on level ground. When the system employs an oil temperature
radiator, it is usually necessary to provide a drain both in the radiater
and in the system. These drains are not intended to remove oil from the
engine crankcase which should be drained by removing the engine-sump plug.
It should be possible to drain practically all the oil in the lines by
means of the tank and radiator drains. The drain valves should incorporate
means for locking them in the closed position.

The following are recommended as fire-protection measures:

{a) A fire-resistant, oil-inlet line consisting of a fire-resistant
hose with assembled end fittings rather than hose clamps.

(b) A means of shutting off the oil flow forward of the firewall. The
shut-off should be immediately operable from the cockpit in the event of an
emergency.
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8.317 ENGINE BREATHER LINES. Crankcase breathers are provided on the
engine to relieve internal pressure resulting from high temperatures and
high-speed piston operation. The condition resulting from a clogged
breather line may be hazardous and therefore precautions should be taken in
the installation to preclude the possibility of the breather line freezing
during cold weather. The following installation practice is recommended:

(a) The breather line should not discharge into the carburetor cold-
air intake. Such an arrangement introduces water vapor 1nto the engine-
induction system which in turn is conducive to carburetor icing. Conse-
quently, the practice is considered dangerous.

(b) It is preferable to rum the breather line down inside and to the
rear of the cowling, and so routed that it is not exposed to a direct blast
of cold air from openings in the cowl. The line should terminate just out-
side or flush with the cowling, or just inside the cowling if possible
where warm air from the engine will flow over the breather and prevent the
freezing of moisture condensed from the breather vapors. In any event the
discharge should be so disposed that (1) the possible hazard of ice accre-
tions building up and clogging the line is minimized, (2) no fire hazard
will exist from the vapors or spray, amd (3) the possibility of oil spray-
ing on the windshield, in case of engine malfunctioning, and thus impairing
the pilot’'s vision, will be avoided.

(¢) In no case should the breather line run outside the cowling for an
appreciable distance without adequate insulation.

8.4 COOLING

In all aircraft-cooling systems, air is used either directly or in-
directly, to carry heat away from the cylinders, In almost all civil air-
craft engines this is done directly, without an intermediate-liquid coolant.
The problem of cooling an air-cooled engine largely resolves itself into:

{a) Exposing a sufficient surface area of the cylinders to the cooling
airflow. The surface area of the cylinders exposed to the cooling airflow
is increased by use of cooling fins effectively distributed to provide uni-

form cooling over the entire combustion chamber, including spark-plug
bosses and exhaust valves.

{b) Directing the air efficiently against all parts of the ecylinders.
A properly designed system of inter-cylinder and cylinder-head baffles is

used to force the cooling air into close contact with all parts of the cyl-
inders.

(c) Providing a sufficient cooling airflow, and, if necessary, some
means of regulating the airflow in response to varying conditions. A flow
of cooling air sufficient to carry away the heat from the cylinders is ob-
tained by means of the cowl which encloses the engine. The flow of cooling
air may be regulated by a series of adjustable cowl flaps at the rear of
the cowling. The rate of cooling varies with the temperature of the air.

Also some cooling is accomplished by the dissipation of heat to the lubri-
cating oil.
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8.40 Cooling Tests. If the airplane has a substantial cooling margin
it may not be necessary to conduct cooling tests for minor. changes in the
components affecting the cooling characteristics. However, when major
changes involving the cooling system are made in an airplane, cooling tests
should be conducted to assure that satisfactory cooling characteristics are
sti]ll maintained. Propeller changes may also necessitate cooling tests be-
ing conducted. For example, changing from a fixed-pitech wood to an
adjustable-pitch propeller normally results in a decrease of the quantity
of cooling air flowing past various parts of the engine, due to the fact
that airfoil sections of the propeller blade do not extend as far in toward
the center of the hub on an adjustable propeller as they do on a fixed-
pitch propeller.

The cooling tests to determine that the maximum temperatures for which
the engine was certificated will not be exceeded should be conducted by
flying the airplane under maximum continuous power at best-rate-of-climb
speed. (A speed one-third of the way between the power-off stalling speed
and the maximum level-flight speed}. Such flight should continue for ap-
proximately five minutes after the temperatures peak or drop off, to assure
that stabilization had been reached. Readings should be taken, at the peak,
of the hottest cylinder-head temperature, the hottest cylinder-barrel tem-
perature, the oil-inlet temperature, attitude, and outside-air temperature.
The observed temperatures thus obtained should be converted to values under
conditions of operation when the outside temperature is 100° F. at sea
level. This 100° F. temperature is the commonly accepted "hot day standard"
for extreme conditions under which an airplane should be able to operate
without overheating. To make this conversion, the following formulas should
be used:

(a) Cylinder-head temperature correction:
T, =T, + [100 - T, - (.0036 x A)]
(b) Cylinder-barrel temperature correction:
T, =T, + .7 [100 - T, - (.0036 x A)]
{(c) OQil-inlet temperature correction:
T, =T, + [100 - T, - (.0036 x A)]
Where: T_. = Corrected temperature

T, = Observed temperature

T, = Outside air temperature at which peak temperature oc-
curred.
A = Altitude at which peak temperature occurred.

8.4] Accessory Cooling. In addition to coeling of the engine proper,
consideration should also be given to adequate cooling for the accessories
compartment. This may be accomplished in many instances by means of
cooling-air ducts routed so as to duct ram air directly to critical com-
ponents such as magnetos, generators, etc.
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8.42 Baffles. Engine-cylinder, hold-down nuts or studs should not be
used for mounting or securing baffles, braces, etc., unless the baffles are
made of the same material as the washers employed by the engine manufac-
turer. Other materials may aggravate cylinder failures due to the studs
loosening because of the baffle mounting squeezing out from under the nut.

8.5 INDUCTION SYSTEM

The function of the induction system is to duct the necessary supply
of air to the combustion system of the engine. The condition of this air’
at the entering face of the carburetor is extremely important. For proper
operation, it 1is essential that the airflow should be smooth and wniform,
clean and unrestricted throughout the range of horsepowers expected from
the engine. Consequently, starting at the point where atmospheric air is
picked up,. equal consideration should be given te the ducting, elbows, pre-
heat doors, muffs and other devices which are interposed between the free
air and the carburetor.

8.50 Induction-3ystem Arrangement. 1Intake openings for the induction
system should be completely outside the engine-compartment cowling unless
the hazard of backfire flames is positively eliminated, and the system
should comply with the following:

(a) Intake passages should be of sufficient cross-sectional area to
supply the required amount of air to the engine without excessive pressure
loss. Moreover, they should be of sufficient strength, rigidity, and of
proper material to withstand air loads and backfires. The location of the
intake should be such as to obtain clean, undiluted air free from dust or
exhaust gases. The use of air- filters greatly reduces cylinder wear in
operations from unprepared landing areas. Also, suitable drains should be
provided in all inteke passages to facilitate rapid drainage of any fuel
which may be present in the system with the airplane in the ground or flight
attitude. Such drains should discharge so as to preclude possible contact
with the exhaust manifold or exhaust gases.

(b) Screens should only be used if they can be by-passed by means of
the alternate air intake in case they become iced or cohstructed.

{(c) An alternate air supply must be furnished and should provide an
adequate means (hot air) for available use when needed to melt ice or to
prevent its formation in the air-intake passages and the carburetor. The
location and operation of air valves should be such as to permit positive
and uniform contrel and mixing of hot and cold air so that uniform air tem-
perature and pressure, without stratification, will exist at the carbu-
retor,

(d) Entrance or scoop locations have been successful when located on
the leading edge of the NACA-cowl ring, within the NACA-cowl nose ring,
and short scoops protruding from the accessory compartment. When located
on the leading edge of the cowl ring, the entrance is close to the propel-
ler and hence there is less possibility that dust and dirt, whipped up by
the propeller tip, will be introduced into the scoop. :
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(e) In order to obtain uniform distribution of air pressure and tem-
perature at the carburetor entrance, the duct immediately ahead of the car-
buretor inlet should be straight for a distance of approximately four times
the depth or diameter of the duct, if possible. The hot alternate air sup-
ply should tie into this duct at a point prior to the straight section.
Somewherk in the induction system, before the carburetor, a flexible joint
is required in the duct to provide relative movement of the éarburetor with
respect to the cowling or portions of the duct attached to rigid structure.

8.5] Air Cleaners. Intake-system air cleaners or backfire arresters,
if installed, should satisfy the following provisions:

(a) Means should be provided to permit adequate air to enter the car-
buretor in the event the cleaner becomes clogged with snow, ice, dirt, etc.
A simple spring loaded intake which will open by means of suction if the
main intake is obstructed is a desirable means of accomplishing this.

(b) Installation of the air cleaner or backfire flame arrester should
not 1interfere with the proper operation of the carburetor-air preheating
system.

(¢) Where flame arresters are used to draw air from inside the engine
accessory section cowling, backfire and flame penetration tests should be
conducted to establish that hazard from backfire is positively eliminated,

- both from the consideration of flame penetration and the ability of the in-
duction system to withstand backfire pressures. :

(d) The effect of the device upon the performance of the engine should
be checked by suitable tests. Ground tests should be sufficient unless it
is found that the engine is adversely affected.

8.52 Induction48ystem Anti-Icing Provisions.

8.520 ICING HAZARDS. Atmospheric icing conditions encountered in-
flight make it necessary that provisions be incorporated in the induction
system to prevent the formation of ice in the carburetor and air intake.
Such precautions are necessary in order to preclude the possibility of en-
gine failure because of an insufficient supply of air or fuel, interference
with proper fuel metering, or through imperfect .fuel vaporization. Types
of ice which may form in the induction system are listed and described as
follows:

8.5200 Impact Ice. This forms from water which originally existed in
the atmosphere as snow, sleet, or sub-cooled liquid, and alse forms frem
liquid water impringing on surfaces which are at temperatures below 32° F.
This ice collects near a surface and at points where changes in the direc-
tion of airflow take place so that the water or ice particles with a den-
sity much greater than the air impinge upon that surface. The most danger-
ous impact ice 1s that which may collect on the metering elements of the
carburetor and affect the fuel-air ratio. Other critical poiats are the
preheat valve and the walls of the scoop near it, the roof of the scoop
near.it, the roof of the scoop elbow, and on screens that may be in the
system.
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8.5201 Throttle Ice. This type forms at or near the throttle -in a
partly closed position (up to 30 degrees), due ‘to cooling effect resulting
from the increase in kinetic energy (increased velocity) of the air in the
restricted flow area. It collects on metal parts and consists mainly of
particles which freeze outside of the boundary layer and are carried to the
metal surfaces, such as the throttle butterfly, by their initial momentum.

8.5202 Refrigereation Ice. This forms as a result of the cooling effect
of the fuel evaporating after the fuel is introduced into the airstream.
This will probably occur most frequently in flight, because the ice may
form at carburetor-air temperatures considerably above 32° F. For some
float type carburetors it is possible in rare instances to accumulate seri-
ous ice during a glide with carburetor air temperatures as high as 93° F,
and relative humidity of 30%. At low cruise power ice can occur at outside
air temperatures as high as 62° F. and relative humidities as léw as 60%.
Most of the heat necessary to evaporate fuel is supplied from the air as it
drops 1in temperature. Fuel evaporatien ice can affect airflow by blocking
the throat of the manifold-riser, it can affect the fuel-air ratio by inter-
fering with the fuel flow, and it can affect mixture distribution or quan-
tity of mixture flowing to individual cylinders by upsetting the fuel flow
distribution at the fuel nozzle or airflow distribution in the manifold

throat. This refrigeration phenomenon is the most serious of all factors
causing carburetor ice.

8.53 lce Prevention. To prevent the formation of ice at the carbu-
retor and air intake, the intake and carburetor passages should be arranged,
insofar as practical, so as to avoid the formation of ice. In addition, a
hot-air supply, or an equivalent means, which is sufficient to permit safe
operation under icing conditions should be provided. 1In this regard, the
intake for the hot-air system should be sufficiently sheltered to avoid
clogging with snow or ice particles. The use of a screen in the hot-air
system is not recommended and should only be considered where a heat rise
of over 100°F. is available and the screen is of a particularly large mesh.
The screen must also be located at a point where fuel spray washed back due
to turbulence in the induction system ‘cannot contact it.

A separate cockpit control should be provided to permit the pilot to
vary the air supply from full-cold air to full-hot air. Such a control
should also be provided to permit overriding any automatic linkage designed
to operate the carburetor heat with the throttle. The hot-air valve and
controls should be ruggedly constructed and sufficiently strong to with-
stand the full loads which can be applied by the pilot to free the valve
from an icing condition. '

8.530 PREHFAT REQUIREMENTS. The hot-air system should be such that a
minimum temperature rise of 90° F. is attainable with sea-level engines and
conventional venturi carburetor when the outside air temperature is 30° F.
(120° F. with altitude ‘engines and conventional venturi carburetor). Pres-
sure injection-type carburetors on sea-level engines have considerably less
tendency to ice but approximately 60° F. heat rise should be provided for
de-icing any small accumulations that may occur and for de-icing the ducts,
carburetor screen, and other portions of the system.
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The amount of heat available should be determined by measuring the
temperature difference between the outside air and the air entering the
carburetor with the preheat control in the full-hot position. Wherever
possible, the temperature rise should be determined for the condition of
30° F. outside air with the airplane in a cruising attitude at approximately
75% maximum continuous horsepower. To accomplish this the airplane should
be flown in level flight at maximum cruising rpm and 30° F. outside air
temperature, or at the highest practical altitude at which the necessary
power can be maintained with full-cold carburetor air so as to get as close
to 30° F. as possible.  Holding the airplane at this altitude and in level
flight the indicated airspeed should be reduced 10%. Under these conditions
then the engine will be delivering approximately 75% of its maximum con-
tinous horsepower, which is the condition under which the carburetor heat
rise should be obtained. After flying the airplane under these conditions
for a sufficient time to permit temperatures to stabilize, readings of the
outside air temperature and the temperature of the air entering the carbu-
retor should be taken with the carburetor air heater in the full-hot posi-
tion. The difference between the carburetor air temperature in the full-
hot position and the outside air temperature is the temperature rise and
should be comparable with the values specified above. The carburetor air
temperature should be measured at the intake to the carburetor with a
standard temperature bulb. The instrument should be located at a point in
the duct cross-section which truly measures the'average air temperature.
Location in a stratified area of either hot or ‘cold air must be avoided.

8.531 CARBURETOR ATR PREHEATER DESIGN. The exhaust system commonly is .
used as a source of heat for increasing the temperature of carburetor in-
duction air to prevent the formation of induction ice. There are two prin-
cipal methods by which heat may be derived from exhaust gases. These are
identified as the shroud of muff method, and the intensifier-tube method.

In the shroud or muff-type system, the exhaust gases are carried
through the exhaust tubing, which is of normal design, and this collector
is completely enclosed by a shroud or muff. The muff is separated from the
collector proper by an annular space of from 5/8 inch to 1 inch, and the
carburetor air flows through the annular passage between the collector and
muff. The area of the annular section may be increased slightly toward the
point of discharge of the heated air to the carburetor in order to allow
for the added volume of the warmer air. The muff normally in supported from
the collector itself on spacers and is held in place by straps, clips, or
bolted flanges. Provision shonld be made for relative motion between the
muff and exhaust collector. The muffs should not bear on or chafe against
any part of the engine or airplane structure. The muff should be con-
structed of heat-resistant material. Aluminum 1s usually not desirable due
to the high temperatures of the exhaust components in contact with the muff.
However, with a well cooled installation aluminum may prove satisfactory in
some cases. '

With the intensifier-tube preheat system, carburetor air is drawn
through a tube which runs through the center of the exhaust collector. This
tube must be constructed of heavy-gauge stainless steel, Inconel, or equiv-
alent material, and is often dimpled to promote heat transfer. Joints are
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not permissible in the tube within the collector and provision must be made
for a tight slip joint at the points where the tube enters and leaves the
collector to assure against exhaust contamination of the engine intake air.
Regardless of the type of preheater employed, it, or the installation should
comply with the following provisions:

{2) A means should be provided to assure adequate ventilation (¢ontin-
unal flow of air) through the preheater when the engine is being operated on
full-cold air. Continual flow is necessary for adequate cooling of the ex-
haust stack, muff, or intensifier tube. The warm air discharge should be so

disposed that it does not impinge upon any parts of the fuel system which
may aggravate vapor lock.

(b) The preheater should be constructed in such a manner as to permit
inspection of the exhaust-collector parts which it surrounds. In the case
of an intensifier-tube-type exchanger, it should be possible to conduct
periodic inspections of the intensifier tube also.

(c) The construction should be such as te withstand the vibration,
inertia, and other loads to which it may be subjected, without failure.

Adequate provisions should be made to permit expansion of the various parts
when they are heated.

8.6 EXHAUST SYSTEM

The basic function of the exhaust system is to serve as a scavenging
means for ridding the airplane of hot-exhaust gases expelled by the engine.
The discharge of these gases should be such that under mormal operating
conditions both in flight and on the ground, the cowling, airplane parts,
fuel-and-oil-system lines, components, and drains will be so located with
respect to the discharge flow as not to constitute a fire hazard. The dis-
charge flow should also be such that under normal conditions, it will not
ignite fuel dripping from the powerplant installation during starting, nor

ignite inflammable fluids, sprays, or dust being discharged from the air-
plane.

All portions of the exhaust system should be constructed and main-
tained, by frequent 1inspection, so that there will be no cracks, holes, or
other source of leakage which will permit hazardous concentrations (1 part
in 20,000) of carbon-monoxide gas to enter the pilot compartment.

8.60 Exhaust Manifold.

8.600 MANIFOLD CENSTRUCTION. Exhaust manifolds should be constructed
of suitable materials and should provide for expansion. Exhaust manifolds
for engines should be constructed of stainless steel, nickel-chromium-steel
alloys, or their equivalent whenever possible. Engines of approximately
300 horsepower or less may use low-carbon steel provided it is sufficiently
cooled, and has wall thicknesses of approximately .049 inch for installa-
tions above 125 horsepower and .035 inch for installations of 125 horse-
power and under. Stainless steel or Inconel are recommended for installa-
tions above 300 horsepower. The manifolding should have sufficient cross-
sectional area and provide for smooth flow of the exhaust gases so that the
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back pressure does not exceed the engine manufacturer’s recommendations.
Two inches of mercury back pressure is usually considered to be the maximum
allowable back pressure at maximum continuous power without special inves-
tigation.

8.601 MANIFOLD INSTALLATION. No manifolding should be located immedi-
ately adjacent to the carburetor or fuel-and-oil system parts unless
shielded from any possible leakage. It is important that exhaust manifold-
ing be located so that a failure would not cause exhaust flame to be di-
rected toward fuel-and-oil system parts, aluminum structure, cowling sup-
ports, etc. Exhaust manifolding should also not be located where fuel or
oil is likely to drip onto hot surfaces as fires may obviously result from
this source. In general, exhaust manifolding underneath the nacelle or
fuselage is considered unsatisfactory. Exhaust discharge points should be
at least ten inches, laterally, from the center line of the carburetor in-
take and should point outward. Particular care should be taken to avoid the
exhaust contacting fuel which may drip from the carburetor intake or:drain,
or which may drip from engine lines or accessories. At least 15 inches
should be provided between exhaust discharge ports and any fabric covering
and in no case should the exhaust pass close enough to the covering to pro-
duce an appreciable rise in temperature. Hot particles of carbon frequent-
ly are projected from the exhaust so it is necessary to take precaution to
prevent these particles from coming into contact with fabric covering on
any part of the airplane. Particular care should be taken in the discharg-
ing of the exhaust to prevent the ignition of gasoline which might drop to
the ground during the priming and starting of an engine.

Some dusts, such as sulphur dust, and some sprays ignite very readily
at temperatures as low as 500° F. Since the temperature of the exhaust
gases at the exhaust outlet is considerably above this value it is neces-
sary to pface the exhaust outlet as far away from the path of the dust or
spray discharge as possible, within practical limits. Obviously, the ex-
haust gases should not be discharged under or along the bottom of the air-
plane. Moreover, the exhaust discharge should be so directed that it will
not be blown in to the dust or spray swath at the end of the field when a
pull up is affected. The most satisfactory location for the exhaust there-
fore is generally above the airplane wing (top wing in the case of a bi-
plane), with the outlet directed outward and upward.

8.602 MANIFOLD CLEARANCE AND COOLING PROVISIONS. Suitable clearance
should be provided between the exhaust manifold and parts which are likely
to be adversely affected by heat, and the mwanifold should be so arranged
and cooled that local hot points do not form. Precautions should be taken
to insure that manifolds lying inside of cowlings are sufficiently cool to
prevent early local failures from excessive heat, and fires as a result of
structural inadequacy pf the manifold. On radial engines, the manifold
should be isolated from the accessory compartment by an inner cowl, prefer-
ably of stainless steel, with adequate air circulation around the exhaust
manifold. On four and six cylinder flat engines, it is difficult to pro-
vide a complete shield between the exhaust manifold and the engine acces-
sory compartment. However, local shields can be used where the.manifold
is particularly close to any parts carrying inflammable fluids. The
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configuration of the exhaust can also be made in such a manner that it does

not pass through the rear of the engine compartment where many such compon-
ents are located.

It is also considered highly desirable, at least on engines of approx-

imately 300 hp ard over to provide a pressure fire extinguisher in the ac-
cessory compartment.

8.603 MANIFOLD DRAINS. Where the exhaust discharge is above other
portions of the manifold, a drain should be provided at the low pomts to
drain any water or sediment that might collect and tend to cause corrosion.
Such draine should discharge overboerd at a safe location since exhaust
gases or fuel accumulations may sometimes discharge from them.-

8.7 HEATERS USED IN CABIN-AIR-HEATING SYSTEMS

8.70 Exhaust-System Heat Exchangers. Heating systems involving the
passage of cabin air over, or in close proximity to, the engine exhaust
manifolds should not be used unless adequate precautions are incorporated
in the design to prevent the introduction of exhaust -gas into the cabin or
pilot’s compartment. The portions of the heating system subjected to ex-
haust heat should be constructed of suitable materials, be adequately
cooled, and readily inspectable. Tt should be possible to turn the heater
completely on or off from the cockpit and a suitable by-pass should be pro-
vided for the hot air when the valve is in the off position. Reasonable
precautions should be taken in the disposition of the by-pass discharge so
that the possibility of creating vapor locks in fuel lines by the hot air
will be avoided. The air intake for the heater should be located outside
the cowling in a position where there is no possibility of contamination of
the ecabin air from the exhaust or other sources of carbon monoxide.

Intensifier tubes should be a stabilized stainless steel of the seam-
less type dand should be readily removable for inspection. Particular care
should be taken to prevent joints from leaking exhaust fumes.

Muff-type, cabin-air heaters should be carefully constructed and cap-
able of being readily dismant]:d. Welds should be avoided in the portion
of the manifold enclosed by the muff. If such welds are used they should
be easily accessible for inspection. Expansion joints in the portion of
the manifold under the heater muffs are not considered satisfactory.

8.71 Fuel-Burning Combustion. Heaters. Another weans of obtaining cabin
heat is the fuel-burning combustion heater. Such units containing their
own combustion chambers, heat exchangers, and ignition systems have been found
sausfactory and safe provlded adequate consideration is given to their in-
stallation in order to preclude fire hazards resulting from overheating.

The following precautions should be observed ir the installation and use of
such a heater:

(2) The combustion heater should be of an .approved type or a type
which conforms to Civil Aercnautics Administration Technical Standard Order
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C-20. Heaters in the latter category may be identified by this number
{TSO-C-20) appearing on the name plate attached to the heater.

(b) The region surrounding the combustion heater should be well ven-
tilated and drained. The heater should be located at a place where the
likelihood of its being contacted by spraying or leaklng 1nflammable fluids,
dust, or objects will be remote.

(c) Portions of the ventilating air ducts passing through regioms in
the airplane where systems carrying inflammable fluids or dust are located
should be so constructed or isolated from such systems as to preclude the
inadvertent introduction of these fluids, vapors, or dusts into the venti-
lating air stream. In this connection, consideration should be given to the
location of both the ventilating air and combustion-air scoops to assure
- that fluids and dust being discharged from the airplane will not be able to
enter the air scoops under any condition or attitude in which the airplane
may normally be operated.

(d) The combustion air ducts should be of fireproof construction and’
should not communicate with the ventilating air stream. If it is impracti-
cal to provide separate air ducts to the respective scoops, the combustion
air may tile into the ventilating air duct providing the ventilating air
duct is sufficiently large to provide the required amounts of air needed
for both ventilation and combustion. Also, such interconnection should be
at a point sufficiently far upstream from the heater so that it would be
impossihle for flames and products of combustion, resulting from backfires
or reverse burning, to enter the ventilating air stream. The combustion
air duct should not restrict the rapid relief of backfires which could
cause heater failures due to pressures generated within the heater.

(e) The provisions and precautions reccommended previously for
powerplant-exhaust systems should also be observed, as applicable, in con-
sidering the combustion-heater-exhaust system. In addition, the heater ex-
haust should be shrouded if any systems containing inflammable fluids are
located nearby and the shrouds sealed in such a manner that inflammable
fluids and vapors cannot reach the exhaust. Here alse, the exhaust system
should not restrict the rapid relief of backflres which could cause heater
failure.

(f) The heater-fuel system should comply with all applicable practices
of the powerplant-fuel system, as discussed previously herein. Heater-fuel
systems lend themselves readily to grouping all controls such as solenoid
valves, pressure regulators, and filters. Consequently, as a safety pre-
caution, it is recommended that these controls be installed in a fuel-and-
fume-proof container so as to isolate them from the heater proper and its
exhaust.

(g) Combustion heaters uswally provide drain connections to provide
for draining unburned fuel from the heater.. These drains should be routed
overboard at a point, and in a manner, such that no hazard will exist and
the drained fuel will not be able to seep back into the airplane. Drains
which operate at high temperatures due to the fact that they carry exhaust
gases should be protected in the same manner as the exhaust.
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(h) In addition to the normal controls for operating the heater, safety
controls should be installed as protection against overheating and uncon-
trolled burning due to imsufficient combustion or ventilating airflow or
failure of a cycling switch. Such devices should be independent of the nor-
mal controls and should serve to automatically shut-off fuel and ignition
to the heater in the event an unsafe condition arises.” In this comnection,
overheat switches should not be located too far downstream of the heater
and should be in a position where radiation from the heater can reach the
switch (i.e. should not be located beyond any bend in the duct). This will
assure that heat transmission to the switch, even in the event of complete
stoppage of flow in the ventilating air duct, will still take place by ra-
diation. If radiant heat cannot reach the switch it may take excessive time
for the overheat switch to sense an overheat condition and serious damage
may take place in the meantime.

8.8 FIREWALL AND COWLING

8.80 Firewalls. A suitable firewall should be provided behind the
engine-accessory compartment so as to isolate the powerplant from the re-
mainder of the airplane. Firewall materials considered satisfactory with-
out being subjected to substantiating fire tests are:

{a) Stainless steel sheet, ,015 inch thick.

_ (b) Mild-steel sheet coated with aluminum or otherwise protected
against corrosion, .018 inch thick. '

(c} Terne plate, .018 inch thick.
(d) Monel-metal sheet, .018 1inch thick.
(e) Nickel-chromium-iron alloy (Inconel) sheet, .015 inch thick.

Since the firewall is intended to 1solate the engine from the airplane
and to provide a fireproof barrier, it follows that 1t should be suitably
stiffened to resist, without undue deflection or buckling, the loads im-
posed by the operation and weight of controls and accessories attached
thereto. Moreover, 1t should contain onrly the openings necessary to permit
required controls, fuel, ignition, and spray lines to pass through it, and
these openings should be fitted with close-fitting grommets or bushings to
vesist the passage of flame. Rubber grommets are considered suitable only
for the smallest openings but fireproof grommets are desirable and are nec-
essary for large openings. Steel bulkhead (firewall) fittings are recom-
mended. Other fittings such as bolts, screws, and rivets used as part of
the firewall structure or for accessory attaching purposes should alse be
of fireproof material.

8.81 Cowling. The cowling should have suitable provisions for drain-
age in flight and on the ground. The drains should be located so as to pre-
vent fuel or eil from dripping upon hot parts of the engine, exhaust, or
coming in contact with the exhaust discharge. These drains should alseo be
located so as not to discharge upon airplane parts in such manner as to
constitute a hazard. In most cases, small holes in the lower sections of
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the cowling are sufficient. Stiffener ribs and other structural members of
the cowling should be designed and installed in such a manner as to pre-
clude the possibility of fluids damming up in small pools.

8.810 COWL ARRANGEMENT. The arrangement of the cowling should permit
all necessary inspections which may be required to maintain the airworthi-
ness of the powerplant installation. Moreover, the removal of cowling for
these inspections should not require the use of special tools which may
discourage conscientious compliance with routine inspection procedures. In-
spection doors or easily removable cowling sections -should be provided to
permit frequent observation and easy removal of accumulations of foreign
material, fuel, and oil.

8.811 COWL CONSTRUCTION. Cowling around the powerplant and on the en-
gine side of the firewall should be made of metal or other fire-resistant
materials., Portions shielding the exhaust system should be made of a fire-
proof material such as listed for use as firewalls. The cowling should fit
tightly to the firewall unless the airplane surface (that surface behind
the firewall) within 24 inches of any opening in the cowling is suitably
protected with aluminum or more fire-resistant material.

The strength, rigidity, and attachment of the cowling should be suf-
ficient to resist engine vibration and the loadings produced by critical
flight conditions. The strength consideration of the engine nose ring, cowl
skirts and panels, cowl flaps, and cowl supporting structure should be
carefully investigated, particularly in the larger higher-powered air-
planes. Since the aerodynamic load on engine cowling is usually forward,
the attachments on the cowling should be arranged to resist this lead. In
lieu of a stress analysis to determine whether ample strength is provided,
comparisons with other similar cowlings may serve as a guide as’ to the air-
worthiness of the cowling under consideration. The final c¢riterion, how-
ever, 1s a flight test in'which the airplane should be subjected to high-
speed-flight maneuvers without failure or distortion of any portion.

8.9 POWERPLANT CONTROLS, ACCESSORIES AND INSTRUMENTS

8.90 Powerplant Controls. Powerplant controls are linkages or mecha-
nisms by which the powerplant and 1its components are operated and regu-
lated. Such regulation or control is usually from the pilot’s compartment,
with duplicate controls being provided, as the necessity demands, for vari-
ous crew members. Controls in all cases consist of the following three
elements:

(a) A handle, lever, rod, cable, or switch to be operated by the pilot.

(b} A suitable means of connection, such as rods, cables, flexible
wire in conduit, hydraulic or pneumatic lines, or electric wires. These
may be supplemented by bell cranks, levers, fairleads, hydraulic pumps,
selsyn or autosyn transmitters and motors, valves, boosters, relays, etc.
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(c) An actuating part or mechanism which operates the unit to be con-
trolled. This element may be a rod end, cable end, lever, gearing, hydraulic
pump or motor, electric solencid, motor, or selsyn or autosyn motor.

The choice of the means of control depends on the importance of the
control to continued engine operation, wheather positive positioning is re-
quired, the distance to the part to be controlled, accessibility for con-
trol elements, and the forces required.

Rods (or tubing) and cables usually are favored for such critical ap-
plications as throttle, mixture, and propeller controls. Such elements lend
themselves to positive positioning with little chance of malfunctioning. Of
these, rods or tubes may be favored since they are capable of transmitting
push, pull, and torgue. On the other hand, cable contrels offer convenience
for long-distance control or where many bends are required to reach the
part to be controlled. Control linkages of these types may require supports
at intervals throughout their length to prevent them from vibrating.

Flexible~-wire-in-conduit type of contrels are used for many controls,
particularly on small installations. These controls are relatively easy to
install due to their ability to make moderate bends without the use of bell
cranks or pulleys. Sharp bends should be avoided since they increase oper-
ating loads and accelerate wear. Such controls should be carefully sup-
ported at close intervals to prevent distortion under load. The adequate
support of bends is particularly important.

8.900 INSTALLATION OF POWERPLANT CONTROLS. ‘All controls should be
readily accessible to the pilet, and should be plainly marked as to identity
and direction of operation. All cockpit controls connected to the engine
should give full travel of the control at the engine, and any normal move-
ment of the engine as installed in the airplane should not cause a change
in control setting sufficient to affect seriously its operation. Moreover,
the controls should be provided with adequate means to assure that they
will be positively held imn their flight settings without slipping out of
position. The engine control linkages should be designed so as to resist
vibration and place no bending on threaded sections. Bolts and nuts should
be used even 1in shear connections rather than clevis pins and cotters,
since cotter pins acting as a sole means of securing controls are con-
sidered poor practice. Bolts in the svstem should preferably not be used
in a cantilever manner but should be symetrically loaded. Cable controls
should be provided with suitable support for all pulleys and fairleads, and
should be arranged so that they will operate with a minimum of backlash and
friction in the system. Carburetor-air-intake controls and contrals for
air shutters in the cooling and o0il systems should be sufficieatly strong
to permit their operation under icing conditions.

8§.901 THROTTLE CONTROLS. Throttle contrels should afford a pesitive
and immediately responsive means for controlling the engine. A forward
movement should open the throttle. The control should be constructed of
suitable material and be capable of withstanding vibration and the loads
which may be imposed by the pilot, and should provide a frietien lock, or
equivalent, to keep 1t from creeping in flight. Flexible-type, throttle-
control units, if used, should be of an approved -type. Regardless of the
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- type throttle control used, it is desirable that the system be arranged
with a spring at the carburetor so that any breakage in the system will
cause the throttle valve to go to an open position corresponding to cruis-
1ng power.

8.902 MIXTURE CONTROLS., The mixture control should require forward
movement for "rich" mixture. The control handle should not be located close
to any other frequently operated control (such as preheat, etc.) of simi-
lar appearance since a pilot may inadvertently place the mixture in the
lean position when carelessly intending to operate the other control.

8.903 PROPELLER CONTROLS. The propeller-pitch control should have
equivalent airworthiness to the throttle control. A forward movement should
increase the rpm. The control should be conveniently located as close to
the throttle as possible. The pitch control should remain in any set posi-
tion and, 1f it is of the constant-rpm-controlling type, it is recommended
that it be given approximately the same movement range as the throttle. The
positive stops for controllable propellers should be located in the propel-
ler itself and not governed by a positive stop on the propeller pitch con-
trol in thé cockpit. '

8.904 FUEL-SYSTEM CONTROLS. The fuel-system controls should be marked
in a conventional fashion and when special fuels or sequences of fuel tank
use are necessary the markings should include these instructions. For in-
stance, when fuel of two grades or octane numbers is provided, the fuel
control instructions should list which fuel is to be used under each flight
condition. The fuel-system marking should also specify the tank or tanks
to be used for take-off, when special operating instructions are necessary.
Valves of the type which have their "on" position with the handle in line
with the fitting or lines can be marked by providing a plate or painting
"on" and "off" positions on adjacent surfaces. Fuel-system controls should
preferably  be arranged with the handle down when the valve is "on" so that
gravity will tend to keep the valve on. In single-tank airplanes it is
recommended that the fuel shut-off control be lightly safetied "on" so it
will only be used in an emergency. If the control is not safetied, care
should be taken not to locate it close to any other frequently operated
control of similar appearance since this may result in careless closing of
the fuel valve while intending to operate the other control.

Special care should be taken to arrange the fuel valve control so that
the fuel valve cannot inadvertently be knocked over to the "off" positien,
by the pilot. The "off" position should be obvious to the pilot and within
his direct view.

8.905 PREHEAT CONTROLS. The carburetor-heat control should preferably
be in a location apart from other engine controls, such as mixture and fuel
shut-off valves, so as to preclude inadvertent operation due to confusion
resulting from close proximity and similar appearance.

8.906 IGNITION SWITCHES. It should be possible to shut off all ign:-
tion with one hand without requiring the pilot to divert his attention from

!
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controlling the airplane, and the switches should be so located with re-
spect to other controls or structure that the possibility of their inad-
vertent operation when the pilot wears a heavy glove, will be remote. The
practice sometimes adopted of providing two separate switches in single-
engine 1installations equipped for dual ignition is not without hazard to
ground personnel when starting the engine due to the fact that one switch
may inadvertently be left in the "on" position. Such switch installations
should be located in full view of the pilot to avoid possible hazards. A
single, dual-ignition switch is preferred.

Particular care should be taken in the grounding of magneto switches
to ensure a good ground contact, Otherwise operating personnel may be ex-
posed to a dangerous hazard from this source when starting the engine. ‘The
switches should preferably be grounded to the engine. When switches are
grounded to the engine mount, care should be taken to ensure that all paint
is removed and a clean, metal-to-metal contact is made at the ground con-
nection to the structure. In addition, where the engine is mounted on rub-

ber or other insulating, shock-absorbing material, the engine should be
bonded to the engine mount.

8.9] Powerplant Accessories. Accessories in general fall into three
categories, as follows:

(a) Engine accessories which apply directly teo the operation and con-
trol of engines and propellers such as propeller governors, fuel pumps, and
starters.

(b) Aircraft system accessories which provide sources of power for
operation of aircraft systems such as generators, air pumps, hydraulic
pumps or sSpray pumps.

(c) Instrumentation such as electric thermometers, tachdmeter trans-
mitters, and pressure-measurement ianstruments,

8.910 ACCESSORY SUITABILITY. Aircraft engines usually are furnished
with pads and drives for accessories in accordance with standardized de-
signs. The accessories, however, are not normally provided as standard
equipment. The choice of a suitable accessory depends upon the require-
ments of the engine and airplane systems, and the unit should, therefore,
be selected to perform a definite function in the zirplane. The following
factors have a direct influence on the choice of the engine-mounted-
accessory unit:

{a) The suitability of the accessory to the mounting and driving pro-
visjons available on the engine. Since the pad and drive are designed with
specific driving-torque and mounting-strength limitations, it follows that
the accessory selected should fall within the driving-torque and
overhanging-moment limitations of the engine. These limits can be ascer-
tained from the Civil Aeronautics Administration or the engine manufac-
turer. In many cases the information is listed on Civil Aeronautics Admin-
istration engine specifications or in the manufacturers handbooks.




Civil Aeronautics Manual § 8.910-8, 920
Appendix A

(b) The ability of the accessory to meet the demands imposed by the
aircraft system requirements. 1In this regard, certain operating require-
ments should be considered, such as:

(1) Endurance and reliability of the accessory.

(2) Reactions of the accessory to the operations throughout the at-
mospheric conditions and temperature ranges to which the aircraft may be
subjected.

{3) Suitability of the accessory to the type of operation for which
the aircraft is intended.

(4) Performance of the accessory under emergency conditions.

(5) Ruggedness of the accessory with respect to poséihle mishandling
or improper operation by personnel.

8.911 ELECTRICAL EQUIPMENT IN ACCESSGRY COMPARTMENT. Electrical equip-
ment located in the accessory compartment should have all contact points or
parts liable to sparking isolated from the accessory-compartment atmosphere
by means of fume-tight covers, or an equivalent means of protection, since
the presence of an explosive mxture is a definite possibility in the ac-
cessory compartment. Electrical wiring and equipment should be so located
or otherwise protected that the possibility of their being damaged as a re-
sult of leakage from fuel, oil, or hydraulic fluid lines is remote.

8.92 Powerplant |nstruments. The following instruments should be pro-
vided for each engine or tank:

(a) Fuel-quantity indicator.

(b) Oil-pressure indicator,

(c) Oil-temperature indicator.

{d) Tachometer.

(e) Oil-quantity indicator.

(f) Fuel-pressure indicator (if pump-fed engines used)}.

(g) Manifold-pressure indicator (if altitude engines used).

Those powerplant instruments which are essential to safety in flight
such as the tachometer and manifold pressure gauge,. should be so installed
as to be easily visible to the pilot with a minimum practical deviation
from his normal position and line of vision when he is looking out and for-
ward along the flight path. Other powerplant instruments should be mounted
so as to be visible to the pilot in flight but may, because of their func-
tion, be in a less prominent position.

8.920 POWERPLANT INSTRUMENT INSTALLATION. Powerplant-instrument lines
should be installed with the same precautions as recommended and used for
fuel-system lines and fittings. In addition, gauges or instruments which
require the use of fuel, oil, or other inflammable-fluid lines, under pres-
sure, should have restrictions incorporated into the line so that line
failure will not permit large guantities of the fluid to be spilled in the
engine compartment or cockpit. Such restrictions should be installed as
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close to the source as possibie and the orifice or opening should not be
larger than approximately a number 60 drill size (.040 inch)}.

8.921 INSTRUMENT MARKINGS. In the marking of instruments it is con-
sidered desirable to use standardized markings so as to avoid confusion or
inadvertent hazards due to erroneous readings which may result if the pilot
switches from one plane to another where the instruments are not marked or
are marked in a different manner. The standard marking practice adopted by
the aircraft industry, and which is recommended is as follows:

{(a) Green arc representing normal operating range.

(b) Yellow arc representing precautionary range (between maximum con-
tinuous and take-off).

{(¢) Red radial line representing maximum or minimum limits.

{d) Red arc representing a prohibited range for other than momentary
operation.

The marking should be accomplished by any method desired so long as

the marking cannot be changed in flight and is readily discernible and dur-
able. '
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Flight Test

9.0 PERFORMANCE

9.00 General. There are certain pr1nc1ples in the field of aeronauti-
cal engineering which do not enter dlrectly into piloting but which are
well for a pilot or an operator engaged in agricultural operations to
understand in order to know what claims may reasonably be made for an air-
plane of known weight and power. These principles relate to performance
which includes climb, distances required to take-off and land, etc. The
factors which affect the performance of an airplane are classified below.
These factors are interrelated and a change in any one affects all of the
others,

Drag
Weight
Power

As a general rule, aircraft that are éngaged in agricultural opera-
tions are flown at low velocities and altitudes. Consequently, the pilot
is  being continually faced with the dangers associated with operations in
areas of restricted maneuverability caused by obstacles including trees,
transmission line wires and poles, houses, etc. It is essential that air-
craft which are used for agricultural operations have the climb performance
necessary to avoid collisions with obstacles in the path of flight and to
minimize the possibility of stall-spin accidents resulting {rom abrupt
pull-ups, steep turns and climbs. In order that sufficient climb perform-
ance is maintained for safe operations, it is necessary that the operator
understand what makes the airplane climb and the influence of the various
factors mentioned above on climb performance.

9.01 Climb Performance. At any velocity between the minimum level
flight speed and the maximum level flight speed, the power available in the
engine is greater than the power required by the airplane to maintain level
flight. In level flight the engine is throttled but the extra power is
available for the purpose of climbing. The maximum rate-of-climb occurs at
a speed where the difference between the power available and the power re-
quired (i.e. the excess power) is the greatest. This speed is known as the
best rate-of-climb speed. The maximum rate-of-climb of any airplane is a
function of its excess power at the best rate-of-climb speed. The greater
the excess power, the more climb there is available with full throttle, and
conversely less excess power results in lower climb performance. With this
in mind, the variation of excess power due to the influence of drag and
weight of the airplane and the atmospheric conditions on the engine power
will now be discussed.

9.010 EFFECT OF DRAG ON CLIMB. Drag is defined as the component of
the total air force on a body parallel to the relative wind. All parts of
the airplane that are exposed to airstream contribute to the drag. The
total drag of an airplane may be conveniently divided into two parts, the
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wiag drag and the drag of all other parts except the wings. The latter in-
cludes drag created by the fuselage, landing gear, tail surfaces, sprayer
and duster equipment and any other external installations which do not con-
tribute notably to the lift. This drag is included under a term expressing
its lack of utility, namely, parasite drag; but unfortunately for the
present purposes the exact up-to-date definition of this term makes it in-
clude also a part of the wing drag called profile drag. The profile drag

is the difference between the total wing drag and the drag induced by the
life.

A certain amount of the engine power is required to overcome the total
drag of the airplane during flight. Since the drag of the airplane varies
with the speed the amount of power required also varies. However, if the
drag of the airplane is increased as a result of the installation of addi-
tional equipment, such as sprayer or duster apparatus, there 1s a corre-
sponding increase in the power required throughout the entire speed range
of the airplane and consequently a reduction in the amount of excess power
available for climbing.

From the above discussion, the importance of minimizing the parasite
drag caused by the installation of sprayer and duster equipment is obvious.
Since the drag of any object subjected to the airstream is a function of
its size and shape, drag reduction can be accomplished by eliminating all
external bracing wires and struts which are not necessary structurally;
installing spray tanks inside the fuselage or pilot’s compartment; avoiding
oversized wind-driven pumps; etc.

Drag is also caused by turbulent air due to interference of strut and
wire brace fittings at the fuselage and wing surfaces. This turbulent air
represents loss of energy which must be paid for by engine power as in the
case of parasite drag. Although drag caused by turbulence at low speed 1is
ordinarily of less importance than parasite drag, poor installation of the
spray equipment can cause unnecessary excessive alrstream disturbance.
Particular thought should be given to keeping the spray booms away from the
wing surfaces; considerable turbulence can be created along the entire span
when the booms are in proximity to the wings. Strut and wire brace fittings
should be kept small and clean or streamlined.

9.011 EFFECT OF WEIGHT ON CLIMB. The weight is perhaps the most im-
portant of all factors affecting climb performance. Unlike the case of the
total drag which is a "fixed" factor depending on the airplane velocity for
an established configuration, or power which varies with atmospheric condi-
tions which will be discussed later, weight is controllable by the opera-
tor. The combination of fuel and spraying or dusting chemicals loaded in
the airplane present the greatest opportunity for controlling weight over a
wide range.

When the weight of the airplane is increased, either the velecity must
be increased or the angle of attack must be greater during flight in order
to produce the additional lift required. The increased weight of the air-
plane must be balanced by the additional lift created either by the higher -
yelocity at the same angle of attack or the greater angle of attack at the
same velocity.
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Since the speed range is limited to the lower velocities during opera-
tions, level flight is maintained by increasing the angle of attack when
greater loads are carried. However, the larger angle of attack also causes
a corresponding increase to the drag of the airplane due mainly to the in-
duced drag of the wing. This creates a result similar to the effect of
parasite drag on the climb discussed in the previous section, i.e., the ad-
ditional power required to overcome the increased wing drag reduces the
excess power available for climbing.

9.012 EFFECT OF POWER ON CLIMB. The previous discussion showed how
the rate-of-climb is reduced due to a decrease in the excess power when the
power required by the airplane is increased with added drag and weight. In
both of these cases the power available in the engine was not influenced by
the drag or weight. It can be shown how the excess power is also influenced
by changes to the available engine power caused by variations in the atmos-
pheric conditions.

An airplane engine is rated for a certain power at a rated number of
revolutions per minute. With fewer number of revolutions per minute there
will be fewer power strokes per minute and consequently less power even
though the throttle is wide open.

Combustion takes place in the cylinders of the engine as a result of
igniting of a mixture of gasoline and air. A rich mixture means a small
mass of air mixed with a large mass of gaseoline vapor. A lean mixture means
a large mass of air mixed with a small mass of gasoline vapor.

Variations in atmospheric conditions affect the amount of air inducted
by the engine and hence its power. Both the air pressure and air tempera-
ture decrease with increasing altitude. Obviously the conditions that pre-
vail at any one given altitude vary somewhat with the- weather, but the_
higher one goes the more nearly constant they become. The intake manifold_
and ‘the cylinders of an engine are fixed in size. As the altitude is in-
. creased, the density of the air dacreases. In the same volume there is less
mass of air. ' If the seme mass of gasoline is drawn into the cylinder, as
at the lower altitude, the mixture is richer since the ratio of the mass of
air to the mass of fuel vapor is less. Whether or not the carburetor is
adjusted to give the same leanness of mixture, less fuel vapor can be
burned per stroke than at the lower altitude. This means less power per
stroke, even if the engine is running the same revolutlons per minute as at
sea Ievel

High humidity conditions also have an adverse effect on engine power.
This is particularly critical as high humidity is commonly associated with
high atmospheric temperatures.

. 9.02 Determination of Climb Performance. A general discussion of the
qualitative influence of drag, weight, and power on airplane climb perform-
ance was presented in the preceding section. In order- to determine the
actual value of the available rate-of-climb, the weight, altitude, and
temperature at the time of operation must be known. An analysis of the
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climb performance for several airpianes converted for use as crop sprayers
or dusters has been made for the purpose of presenting information which
will be of assistance in the determination of climb rates.

It must be remembered that the results of the analysis shown herein do
aot necessarily indicate that these actual climb value will be realized for
all airplanes of the same model. The performance of similar models can
vary, due to a number of reasons, such as propeller efficiency, condition
. of the engine, type of duster or sprayer apparatus, etc. However, the re-
sults contained herein serve two main purpeses: first, the variables which
affect climb performance are considerably more informative when a quantita-
tive trend is shown; second, climb performances can be approximated from
the results for use in operations -without the necessity of burdensome tests

to determine that the airplane bas not been unsafely overloaded, perform-
ance-wise.

Data from several types of airplanes were used in order to determine
the influence of the drag created by the installation of duster and sprayer
apparatus on the rate-of-climb. The climb performance of the airplanes con-
verted for agricultural operations was compared to models of the same type
without the duster or sprayer equipment. The results of this comparison
showed that the converted airplanes experienced climb reductions in the
order of from 15% to 30%.

Since flight tests data are generally obtained at a weight for which
approval is desired, the ciimb performance for a range of weights was cal-
culated from a mathematical equation developed for this purpose. Obviously,
climb performance decreased with increasing weight, but the rate of de-
crease varied for each particular model.

The results showed climb reductions of from 45% to 75% at a weight of
20% above that which was used as a basis for the analysis. The data in
Figure 9-1 has been prepared to show the approximate maximum rate-of-climb
available at various weights for several typical models used in agricul-
tural operations.

The influence of altitude and temperature on climb performance was de-
termined from an analysis of data which was available for a number of non-
agricultural category aircraft. A chart showing rate-of-climb torrection
for altitude and temperature, Figure 9-2, was prepared from the results and
assumed to apply-to aircraft equipped with sprayer and duster equipment. A
study of this chart indicates that climb increases approximately 2% over
the climb at standard temperature, 59°F, for every 10°F decrease in air
temperature. Conversely, climb performance decreases approximately 2% under
that at standard temperature for every 10°F increase in air temperature.
The effect of altitude indicates that there is a reduction in climb of ap-
proximately 8% for every 1000 feet.

The following example is given for the purpose of demonstrating how to
approximate the maximum rate-of-climb available for an airplane which is
being used as a crop duster. '

Example. —Crop duster operations are to be conducted in a Navy N3N-3
airplane which has been loaded to a gross weight of 4050 pounds. What will
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be the approximate maximum available rate-of-climb if the air temperature
is 80°F and the airplane’s altimeter registers a pressure altitude of 1500
feet?

Solution. ~From Figure 9-1, the approximate maximum available rate-of-
climb for the Navy N3N-3 at a weight of 4050 pounds is 870 feet per minute.
From Figure 9-2, the correction factor, F,, 1is determined to be .84 for a
temperature of B0°F, and a pressure altitude of 1500 feet. The maximum
rate-of-climb for the above conditions is calculated to be:

870 x .84 = 730 feet per minute
9.1 FLIGHT CHARACTERISTICS

9.10 General. In 1948 the fatalities per accident among crop dusters
were about 20% above other types of non-scheduled flying. The destroyed
aircraft was 40% higher per accident. There must be a reason. It certainly
must not be a lack of pilot experience or skill for the pilots involved in
the c¢rop dusting accidents over 81% had at least 1000 hours of flying. It
must be the nature of the work; the necessity of low flying quick pull-ups,
and tight turns. These practices have resulted in the following statistics
for crop duster accidents:

49%—-Collisions with trees, wire, poles, standpipes, etc.

97%—Landing gear failure, fires, engine {ailure, take-offs, and land-
ings, etc. :

24%—Stall-spin accidents.

The last 24% are caused by stalls at low altitudes followed by a tend-
eacy to spin. It is probable that some of the 49% are also the result of a
stall in a quick pull-up to avoid obstacles, making further climb impossi-
ble and a collision inevitable. While the stall-spin type only represents
a minority of the accidents, it is responsible for the greatest number of
fatalities, (37%) and is therefore the greatest potential hazard to the
crop-duster.

9.1t Facts About the Stall. The stall speed of an airplane varies
with weight, C.G., loading, type of maneuver (tight tura, quick pull-up),
power, etc. :

The stall speed usually quoted for an airplane is that with power off,
gross load, straight unaccelerated flight with the speed slowly reduced by
back pressure on the stick.

The speed at which the best angle of climb is obtained is usually
about 25% above the stall speed. If the airplane is flying at lower speeds
its ability to climb is reduced unti} at the stall it is zero.

Tight turns and rapid pull-ups increase the stall speed. (A 2 "G"
pull-up or a 60° banked turn w1thout altitude change will increase the
stall speed 40%.)

v
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Overloading increases the stall speed. (25% overload increases the
stall speed 12%.)

A C.G. loading beyond the allowed limits will increase the stall
spoeed, all depending on the degree of loading beyond the C.G.

Witk full power the stall speed of an aircraft will generally be about
10% lower than that with no power.

0f lesser importance is a changé in the sprayer boom or the spreader
which may disturb the flow of air over the wings or tail resulting in a
higher stalling speed.

To aid in preventing these stalls the following practices are recom-
mended: o

1. KEEP THE AIRPLANE LOADED WITHIN THE C.G. LIMITS.

KEEP THE LOADING DOWN TO A REASONABLE AMOUNT.

- WHEN IN THE VICINITY OF A STALL USE FULL POWER.

KEEP THE SPEED WELL ABOVE THE STALL.

AVOID SUDDEN PULL-UPS AND TIGHT TURNS.

AFTER ANY NEW INSTALLATION CHECK THE STALL CHARACTERIS-

N o e W N

- TICS.

Loading is important not only in stalls, but also in handling charac-
teristics. As the {.G. is moved aft the airplane becomes more unstable, the
stick "forces are reduced, the controls become sluggish and increased atten-
tion is necessary to keep it on an even keel. As the C.G. is moved forward
the control forces increase and when the forward C.G. is exceeded the stick
forces may exceed the values desirable for an aircraft that is being con-
stantly maneuvered. With proper loading, the stable airplane will fly with
less pilot effort, giving more time for safe flight planning and more
alertness for potential hazards.



CAA Best Welght Lbs. vs Rate of Climb Ft./Min.
hpproved )} R/G We Wo Wt Wt W Wt
Model Engine Maxdimm | Speed * * * * * * ‘
Weight MPH
Lbs. TIAS R/C R/C R/C R/C R/C R/C R/C
_ 1350 {1400 1450 1500 1550 1600 1650
Aeronca TAC | Continemtal A65 13h0 ol
288 250 220 190 160 130 100 .
1750 1850 1950 | 2050 2150 2250 2350
Aeronca 15AC | Continental C1LS 1750 70 %10 575 618 LSS 400 360 3(50
| | 3500 3550 3600 3650 3700 3750 3800
Boeing 75 | Continental W670 3520 68 270 20 | /230 205 | 183 266 iy
3500 {3600 3700 3800 3900 4000 1100
Boeing 75 Lycoming R680 3520 70 30 180 | 138 390 35 300 260 |
3500 73600 3700 3800 3900 1000 1100
Boeing 75 Prat;ggsmtney 3520 n 80 {120 {050 990 930 870 820
3800 3900 14000 00 ~ | k200 7| 4300 | LLoo
Navy N3N-3 | Pratt & Whitney 37ho 12
R985 1030 960 900 8L0 780 730 680
Piper PA-11 | Continental A6S5 1250 sy 1250 L300 L350 1400 1450 ].'500 1559 .
& J3C~-65 410 375 335 300 270 240 205
‘ 1750 11800 1850 1900 1950 2000 2050
Piper PA-12 | Lycoming 0235-C 1735 63
_ 3ko 310 280 255 230 205 180

Figure 9-1.—=Note:

Best R/C speed is shown for the CAA approved maximum weight.

Increase speed approximately 5% for a 20% weight increase.

v X1pusddy

g Jenusy S2T3nBUOIAY [IAL)

16



9.11 Civil Aercnautics Manual B

“FHN
EEERNN=S En
o

R
EREANN

AN
ANV

| \
T WA
W \

\

AN
Ll AN

.20 .30 0 .50 60 .70 .80 .90 1.00 1.10 1.20

Fo

Figure 9-2.—FC Rate of Climb Correction for Altitude and Temperature (see 9.02)
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